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PROUEGTS ron cu ros. 


ELECTRONIC MEMOPAD 

CVs Mieistaces Enea AS 
must for the home or office — it records 

) short.voice messages and stores them, 
electronically for instant playback. The unit 
is very easy fo use and, owing to the use of 
surface mount technology, is extremely 
compact. 


DISCRIMINATING CONTINUITY 


& LEAKAGE TESTER 

An invaluable addition to every hobbyists, 
engineer's or electrician’s toolbox! This 
project will pin-point faults quickly and 
easily. The design makes use of the latest 
generation of high performance op amps, 
and includes an audible power on reminder. 


MILLENNIUM UPDATE 

Already a year old, the Millennium 4-20 
valve ampifier is proving to be very popular. 
During this time, modifications have 
evolved, and these are now described 

in this project update. 


VERSATILE AUTOMATIC 

LAMP DIMMER 

This ingenious project provides automatic 
control over lamp brightness. Dimming 
times are adjustable over a wide range, 

on and off times are independently variable 
from 2 seconds to 1 hour. Ideal for mood 
lighting, communal corridors, bedrooms, 
slide/film shows, aquariums, etc. 


{00W MONO/STEREO AMPLIFIER 
Neat and compact, this mono/stereo 
amplifier is based around two TDA1514A 
high quality power amplifier ICs and has 
many applications. 
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| Until fairly recently digital signal processing 


a4 


| LEDS AND THEIR APPLICATIONS 


FEATUR ESSENTIAL READING! 


THE SHOCKING TRUTH 4 
A limely reminder by Stephen Waddingion 
about the dangers of electric shock. All of 

us who are involved in electronics must 


“remember thal in Whatever form, electricity 


can bea kiler, We must not be complacent... 
TEXAS DSP KIT REVIEW | 


Spd 


was beyond reach for most hobbyists, this 
teview of the Texas Instruments’ DSP 
starter kit shows how real-time signal 
processing has become an affordable 
teality for PC users. 


In the final part of this informative series, 
Andrew Chadwick discusses pulsed 

peor re remeg! wee 
devices for remote control, isolation and 


ai 


| communications. 


AN INTRODUCTION T0 


PROGRAMMABLE LOGIC 

An informative look at the history and 
applications of programmable logic in 

the world of electronics, The latest 
developments in Field Programmable Gate 
Array technology are discussed, which 
provides useful background information for 
a forthcoming project using such devices. 
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Memo Pad... 


| FILTERS ~ ALL:PASS CIRCUITS 











> IN THIS ISSUE... 


THE HISTORY OF ELECTRONICS 
lan Poole continues the story of the 
discovery and application of electricity. 
This month the invention of the electric 
telegraph, Morse Code, the telephone 
and the filament lamp are all retraced. 
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AND NETWORKS 

John Woodgate looks at all-pass filters, 
especially broad-band delay networks, 
wide-band audio 90° phase-shiff, 
networks (ideal for use in surrount{ sound 
encoding/decoding) and -34B/ filters 
(which cofivert white-noise into pinksnoise 
and pink-noise into red-noise!) 


LIFE BENEATH THE OCEAN 

An interesting look at our oceans by 
Douglas Clarkson. Just as life began in 

the ocean, so too, the maintenance of lifgin 
the oceans leads to stability in ecosyste! 

‘on land. Thus both large organisations 

and individuals have a role to play in 
increasing awareness of the imporlance 

of stewardship of the oceans, and all 

that they contain, 
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HOW T0 PREVENT THERMAL 
OVERLOAD 

In the concluding part of this two part 
feature, Bryan Hart deals with power 
management in semiconductor devices. 
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ABOUT THIS ISSUE... 


Hello and welcome to this month's exciting issue 
of Electronics! 

Ute did we know in 1993 that the 'Vahe 
Technology’ series published in Etectronics would 
Cause such a revival of interest in valves! The end 
of the series was marked by the publication of the 
Millennium 4-20 valve power amplifier project and 
more recently the publication of the Newton valve 
preamplifier project. Since publication of the 
Millennium, we've had 2 great deal of feedback 
from people who have built it, a rave review in 
Hi-FT World and a lot of interest from the USA. 

In response to this, a number of refinements have 
been introduced to improve the performance of the 
Millennium still further and provide dual 115/230V 
50/60Hz AC mains operation. For the benefit of 

the many readers who have already built the 
Millennium, details of these refinements appear in 
this issue, happy listening! North American readers 
interested in building the Millennium should contact 
Old Colony Sound Laboratory, P.O. Box 243, 305 
Union Street, Peter , NH 03458-0243, USA. 
Tel: (603) 924 6371 or (603) 924 6526. Fax: 
(603) 924 9467. Readers in other countries should 
contact their nearest Maptin Distributor, see page 38 
for details. 

‘Surface mount technology is fast becoming 
the norm in consumer products such as TVs and 
VCRs, and has made previously bulky items more 
manageable. Testimony to this is the transformation 
over the last decade of the ‘lugable’ separate video 
camerairecorder, through ‘camcorder’, into the 
‘shrunken ‘palmcorder’. Recentiy we have published 
a wide-band RF preamp using surface mount 
components, The reduction in stray inductance 
by using surface mount technology (otherwise 
introduced by conventional component leadouts) 
Was necessary for the design to operate across 
the VHF and UHF bands. 

For certain projects, miniaturisation is highly 
desirable, an example is the pocket-sized electronic 
Memo Pad project in this issue. This unit would work 





if built using conventional full-size components, but 
the result would be 2 much bulkier unit — certainly 
not pocket-szed! 

Piease write in and let us know what you think 
of projects using surface mount technology (go 
on, ge them a ty before casting judgement and 
dismissing them as impossible to buildl). We've 
put 2 lot of thought into making construction 2s 
easy as possible, so it would be interesting to leam 
what you find easy, and what you find difficult. 

Test equipment projects are 


continuity testers have you seen published before — 
quite 2 few is the probable answer! However, the 
design presented in this issue is genuinely very 
ifferent. The unit combines the functions of 
continuity and leakage testing, covering the range 
from short circuit to 10MQ. Indication is by means 
of a variety of easily interpreted audio tones. Thus 
the unit is ideal for checking wiring, switches and 
connectors. It can also be used to check a wide 
range of discrete active and passive components 
such as diodes, transistors, capacitors and 
inductors. Long battery life can be expected since 
in the quiescent condition current drain is under 
ima and 13mA when operating, In case that all 
this is not enough, the unit includes an audible 
‘Jeft switched on’ reminder and is capable of surviving 
accidental connection to energised circuits, even 
AC mains! 

Pius of course there are other great projects to 
build and features to read! 

So until next month, from everyone here at 
Electronics enjoy this issue! 
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Featured on page 71 is the Terminator 10°, an 
exciting new electronic mult-test screwdriver, This 
new product is normally £6.99, but as a special 
introductory offer, to subscribers for this month only, 
it is available for just £5.49. if you are a subscriber, 
full details of how to order this item are included in 
the special offer leaflet in this issue —if the leaflet 
is missing, contact Customer Services, Tel: (01702) 
552911. If you are not @ subscriber and would like 
‘to take advantage of future special offers and other 
benefits of subscribing, tum to page 19 of this issue 
to find out more or Tel: (01702) 554161. 
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Keep Passing the Open Windows 

The next-generation operating system for 
millions upon literally millions of computer 
users’ worldwide is moving into its final beta 
stage. Microsoft's Windows 95, previously 
code-named Chicago, has until recently only 
been available in fairly early beta stages, but 
is due to ship as an almost-finished product 
as you read this. 

Windows 95 is, as many readers will 
already know, the latest version of Windows 
(the last version was 3.11) and promises 
significant improvements over its earlier 
incarnates. It has taken a little while for it to 
come to fruition, and has been a mammoth 
task for Microsoft, which must be applauded 
for what it has achieved. The new operating 
system is (for the first time) a true operating 
system. It's not piggybacked on top of a 
command-line operating system (MS-DOS, 
standing for Microsoft disk operating system) 
anymore, but an operating system in its own 
right. You can still run MS-DOS programs 
through MS-DOS if you want, or opt to run 
them through MS-DOS running itself 
through Windows if you want. But, its real 
power lies in the fact that it does not depend 
on MS-DOS anymore, releasing it from 
MS-DOS constraints. 

Coupled with this step to full-blown, 
operating system status is a consequent 
increase in capabilities. Pre-emptive 
multi-tasking (the ability for programs to run 
effectively in parallel) is a new feature, along 
with 32-bit operation and a host of others. 

With a final beta version out and available 
to some 400,000 test users worldwide, it 
should not be too long before Windows 95is 
shipping in its millions. It will be (and nobody 
can or will dispute this prediction) the best- 
selling computer software package of all 
time. But, that is no reason to give ita silly 
name. After all, software versions usually go 
up ina strict order of availablity — Windows 
1, Windows 2, Windows 3, Windows 3-1, 
then 3-11 — but 95? 

Ah well, with the proverbial Brindley- 
tongue-in-cheek, here's a few reasons that 
have been suagested to me how the name. 


with Keith Brindley 


Windows 95 came about (not my ideas 

honest!): 

@ 95 is the number of disks the software 
comes on 

@ 95 is length of time in hours it takes to 
install 

@ 95 is the number of days of adjusting its 
facilities to get it running acceptably 

@ 95 is the amount of disk space in 
megabytes you need on your hard disk 
to install it 

@ 95 is the amount of RAM in megabytes 
you need to run it 

@ 95 is the planned year of arrival 

@ 95 is the expected amount of money in 
Sbillions that Bill Gates (the Microsoft 
boss) is expected to make from it 


Actually, before Microsoft's attorneys start 
the lawsuits, | will put matters to rights and 
say that the list is somewhat from the truth. 
A joke, in fact. | am actually beta testing 
Windows 95 myself and have to report that 
it is a nifty piece of work — far better than the 
above list might suggest. It comes on only 
20 disks! 


Blast Off 


Astra 1D, the new satellite launched by the 
satellite television operator SES from the 
European Space Centre in Kourou, French 
Guiana on 31 October is in position and 
starting to become operational. A test 
transmission on channel 60 is broadcasting 
at the time of writing (a smidgin afore 
Christmas). Real broadcasts are scheduled 
to start by the time you are reading this and 
so the service will soon be boasting up to 
64 channels broadcast from the Satellites’ 
slot at 19-2° East. 

The new satellite is the first in the Astra 
group that is capable of digital transmissions. 
It can be operated in the broadcast satellite 
services (BSS) frequency band, although it 
is more likely that it will operate for the main 
in the D-band of Astra’s standard frequency 
slot. This might have an impact for those who 
already have satellite receivers (see later). 
Its digital capability, however, means that 








certain of its channels will be used for digital 
transmission test purposes, giving hardware 
manufacturers and programme providers 
alike, the potential to test output long before 
digital transmissions become the norm. 

Alongside the new bird's arrival, 
broadcasters now have the chance to 
expand and increase their services. Many 
programme providers had been forced to 
share channels on the three earlier satellites’ 
jam-packed transponders, and the new 16 
transponders mean that older channels as 
well as new channels now have the chance 
to transmit for longer periods. 

So availability of transponders on the new 
satellite mean two things for existing viewers. 
First, some of the channels you might have 
been watching have changed transponder and 
hence channel number. CMT (Country Music 
Television) and CNE (Chinese News and 
Entertainment) are examples. Second, the 
new satellite's D-band transmissions may be 
beyond the range that your existing satellite 
receiver can pull in. This should not be a 
problem if your receiver is a relatively recent 
purchase, as manufacturers have been 
building in the capability to extend their range 


| down to the D-band frequencies. But if your 


receiver cannot do this automatically, you may 

need a new LNB (a low-noise block down- 

converter the bit on the front arm of your 

dish which picks up ail the microwaves), or 

a converter to switch received frequencies, 

or possibly even a new receiver or complete 

system, or a combination of these solutions. 

Which you need depends on your existing 

set up, and what you want from your system. 
All this does not mean your existing’set 

up won't work — you'll not have noticed much 

since Astra 1D's arrival (apart from a couple 

of channels moving), and all your existing 

channels will still be there as before. It is 

just that to receive the new channels as they 

come along changes in your set up may 

be required. Speak first to your dealer if 

you want to receive the new channels. 








The opinions expressed by the author are not 
necessarily those of the publisher or the editor. 
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HILE arguments abound over the 

danger of AC as opposed to DC 

and the importance of current 
as opposed to voltage, in contributing to 
fatality, here Stephen Waddington demon- 
Strates that whatever its form, electricity 
is potentially a killer. 

In October, Electronics featured a 
series called ‘A Guide to Mains Safety’ 
in which Andrew Chadwick explained 
how to design safely at mains voltages. 
In coming months, electrical safety 
devices such as fuses, residual current 
devices (RCDs) and miniature circuit 
breakers will be covered in detail. In 
many ways this feature is complemen- 
tary to a number of articles that are due 
to appear or have recently appeared in 
Electronics. 

Prevention is always better than cure, 
and measures should always be taken to 
avoid the possibility of electrocution at all 
costs. But with the best will in the world, 
electrical accidents will never be banished 
completely, as recent figures from the 
Royal Society for the Prevention of 
Accidents illustrate. Last year there were 
28 deaths due to electrocution in the UK 
alone. Add to this figure the 2,000 elec 
trical injuries requiring hospital attention 
and you quickly realise that electrocution 
is a major problem. 
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That's without considering the 8,000 
domestic and 6,000 other fires caused by 
electrical faults in 1993 (as illustrated in 
Figure 1), and the bad news is, it is not 
getting any better. Incidents are, unfortu- 
nately, up on previous years. 


idents 


Number of Recorded | 
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First Aid 


Knowledge of how the human body reacts 
to electrical impulses and basic First Aid 
principles can only serve to aid any per- 
son confronted with a victim of an elec- 
tric shock. No matter how large or small 
the current, voltage or duration, itis the 
first few minutes after a shock that can 
mean the difference between life and 
death. To this end, I have advocated for 
a long time that First Aid should be 
taught in schools. The principles are so 
straightforward and the results can be 
startling, literally meaning the difference 
between life and death. 

Equally, First Aid applied incorrectly 
can be dangerous. While basic principles 
are discussed here, readers are recom- 
mended to seek further instruction from 
one of the First Aid organisations detailed 
at the end of the feature. Contact num- 
bers can be obtained from your local tele- 
phone directory or directory enquiries. 

It is worth noting that the same prin- 
ciples can be applied to drowning, 
heart attack and suffocation. 


Electric Shock 


An electric shock is the body’s reaction to 
the passage of current. It may vary from 
a slight tingling to sudden unconscious- 
ness, and the affected patient may appear 
dead. Here lies the first rule of First Aid, 
never assume death after an electric 
shock. While the pulse may vanish and 
breathing cease, life can very often be 
restored if action is taken promptly. 
The medical profession argues over 
which is more dangerous, direct current 
(DC) or alternating current (AC), In my 
mind this is a futile argument. They are 
both capable of killing Besides, there is 
not a great deal of medical evidence to 
support either argument — there are not 
that many people queuing up, willing to 
take part in an experiment to see which 
is more painful, electrocution by AC or DC. 


AC or DC ‘ 


If we are to analyse degrees of danger, 
then DC is possibly the less threatening. 
A DC current will have little effect on 


Figure 1. Causes of electrical fire in 1993. 
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muscle action as its constant value does 
not interfere with the body's own pulsed 
electrical signals. 

AC is not quite so forgiving. At around 
15mA AC — the so called let-go current — 
it becomes increasingly difficult to release 
aconductor held in the hand because the 
hand muscles lock. As the hand con- 
tracts, better contact is made, and so the 
current increases. By contrast, briefly 
touching a live conductor with the back 
of the hand, as opposed to the palm, will 
cause the muscles to contract and the 
hand to pull away: 

But even a low voltage DC source can 
kill. While researching this article, [came 
across a case of a person who was elec- 
trocuted after being trapped under a 24V 
milk wagon for a couple of hours. DC 
currents applied for any period of time 
can cause severe tissue damage because 
of an electrolysis action. 


Degrees of Shock 


Ifskin, clothes or shoes are moist, the effect 
of any electric shock will be magnified 
because of improved current conducting 
capability. But often less obyious variables 
can have a large effect on the degree of an 
electric shock. For instance, a person who 
is tired will be better able to cope with a 
shock than one who Is fresh. In this case, 
this is due to the level of fluid in the body, 
which falls dramatically when fatigued. 

Ordinary domestic current at 240V, 
50Hz can be detected at currents as low 
as 500uA. By contrast the same DC volt- 
age must rise to 5mA before it Is 
detectable. A 100mA shock at mains volt- 
age will usually result in fatality, but 
equally a value of 20mA can be equally 
severe depending upon the individual. 
‘The length of exposure is another critical 
variable —with exposures of over five sec- 
onds at any current level, the danger of 
serious injury is great. 


norrow cell width 
gives rise to large 
potentials 


delicate 
membrane 


protective salt 
water solution 
layer 


ae 
—= current flow 


—— 


Figure 2. Nerve or muscle cell - large 
potentials can be formed across cell 
membrane. 





At this point, I'm going to borrow a 
table from the first part of Andrew 
Chadwick's feature, ‘A Guide to Mains 
Safety’. In Table 1, Andrew matches cur- 
rent levels with typical effects on the 
human body for a shock lasting for one 
second. Again, I must stress that these 
figures are only guidelines and will 
vary widely from person to person. 
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Current (mA) Effect on human body 





0502-0 Threshold of perception. 





Painful sensation. 


2-0 to 10 





Cramp and tightening of muscles and involuntary retention, 
preventing casualty from releasing hand. Strong danger of 
asphyxiation from muscle contraction. 


10 to 25 





Severe muscular contraction, possibly leading to bone damage. 
Loss of consciousness. Heart or respiratory failure. >80% burns 
at point of contact. Death from ventricular fibrillation. 





Currents passed by hand for one second at 240V AC. 





‘Table 1. Approximate effect of current on human body at mains voltage. 


Figure 3. Casualty must 
be removed from electrical 
~ power, and it is essential 
that rescuer does not make 
physical contact. 


Mouth-to-Mouth Resuscitation 


The First Aid technique detailed below is intended solely as a guideline, Expert 
tuition is essential. If the mouth cannot be used, resuscitation can be achieved 
through the nose — mouth-to-nose — or through the mouth and nose in small 
children and infants — mouth-to-mouth-and-nose. 


@ Remove any obvious obstructions over the face or constrictions around the neck. 
Remove any debris from the mouth and throat as shown in Figure 4. Extend 
casualty’s head and neck: Support nape of casualty’s neck. Press forehead so 
that it is tilted backwards. Push chin upwards using hand from nape of neck. 
These moves lift the tongue forward clear of the airway. 


© Open your mouth wide, take a deep breath, pinch the casualty’s nostrils together 
with your fingers and seal your lips around the casualty’s mouth as shown in 


Figure 5. 


© Blow into the casualty's lungs, looking along his/her chest, until you, can see 
his/her chest rise to maximum expansion as shown in Figure 6. 


@ Remove your mouth well away from the casualty’s and breathe out any excess 
air while watching his/her chest fall as shown in Figure 7. Take a deep breath. 
Repeat inflation. 


Bodily Conduction 

Unfortunately, most of the body's interior 
acts as a salt solution and conducts elec- 
tricity very well. Typically, the internal 
resistance between two limbs is a few 
hundred ohms. Conversely, skin has a 
reasonably high elecirical resistance, 


contact with a live conductor: 











how mains voltages can be fatal for direct 


about 2,000 to 3,000 when dry. But by 
applying Ohm's Law, we can quickly see 


At 3,000Q, the current level will reach 
the critical 8OmA, rising to 120mA at 
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Figure 4. Remove debris from mouth 
and throat. 


Figure 5. Preparing casualty's airway 
ready for mouth-to-mouth. 


2,000. The skin also has a capacitance 
of approximately 0:04uFem™, which 
means its impedance can drop to as 
little as 7500 at high frequencies. 

Once inside the body, current conduc- 
tion is affected by the density, shape, ori- 
entation and size of tissue cells. A typical 
cell is constructed from a delicate mem- 
brane surrounded by a wall of salt water. 
Because cell membranes are good insu- 
lators, electricity passes around the out- 
side of cells and not through them. In 
effect they act as high-pass filters, only 
conducting electricity at high frequencies. 

Generally, resistance to current flow 
increases with cell density as one might 
expect. Current flowing through a cell will 
create a potential across the internal 
membrane as shown in Figure 2. This 
effect is magnified in long, narrow cells 
such as nerve or muscle cells, where cur- 
rent flows along the length. Considering 
the average nerve cell has a thickness of 
10nm, it only takes 100V to develop a 
potential field of {100MVm*. 


Cell Deterioration 


The major functions of the body are con- 
trolled by electrochemical impulses. For 
muscle cells, typical values are in the 
order of 90m. External currents of 
between 1 and 10mA, at a potential field 
of =100MVnr"* will alter the membrane 
potential and excite nerves, producing 
sensory and muscular reactions. At 
higher levels, about 100m4A. the eleciric 
field that develops across the membrane 
creates pores that interfere with the cell's 
normal operation. 

The electric field is thought to draw 
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External Chest Compression 


If the casualty’s heart has stopped beating, external chest compression’ must be 
performed. This is because without the heart to circulate the blood, oxygen is unable 
to reach the casualty’s brain. 

Performed incorrectly, external chest compression can kill. It is essential that 
rescuers are trained. The First Aid technique detailed below is intended solely 
as a guideline. Expert tuition is essential. 


© Lay the casualty on his/her back on a firm surface. Kneel alongside the casualty 
facing his/her chest. Find the junction of his/her rib margins at the bottom of 
his/her breastbone as shown in Figure 8. Place the heel of one hand along the 
line of the breastbone, two finger breadths above this point, keeping you fingers 
off the ribs. 


© Cover your hand with the heel of your other hand and interlock your fingers. 
Your shoulders should be over the casualty's breastbone and your arms straight. 


@ Keeping your arms straight. press down vertically on the lower half of the breast- 
bone, to move it 4 to 5em as shown in Figure 9. Release pressure. Complete 15 
compressions at a rate of 80 compressions per minute. 


® Move back to the casualty’s head, reopen the airway and give two breaths of 
mouth-fo-mouth resuscitation. 


© Continue with 15 compressions followed by two further breaths of mouth-io- 
mouth resuscitation. Repeat this format, checking the pulse after the first minute, 
thereafter checking the pulse after every three minutes. 


© As soon the pulse returns, stop compressions immediately, Continue mouth-to- 
mouth resuscitation until natural breathing is restored, assisting where necess- 
ary. Observe the colour of the casualty’s face and lips. The colour should improve 





























external water molecules into the cell 
which forms pores in an electrolysis 
action, similar to that which saw off the 
milkman mentioned earlier. If the pores 
become large enough, they will rupture 
the membrane. Scientists have observed 
that this effect, called electroporation, is 
reversible for currents up to about 
200mA applied for approximately five 
seconds. Greater than this and massive 
internal damage is rendered to the struc- 
ture of individual cells. 


Electrical Burns 

Electrical burns are caused by the pass- 
age of current through the body or electri- 
cal ares. True electrical burns more closely 
resemble crush injuries than thermal 
burns. The damage below the skin can be 
far greater than the skin's superficial appear- 
ance. The injury to tissue along the path of 
electrocution is caused partly by heat, and 
for higher currents, electroporation. 

The heat generated by contact with a 
high voltage source can generate temper- 
atures in excess of 1,500°C and even if the 
period of contact is brief, massive tissue 
damage is inevitable. While at lower volt- 
ages, the path of current depends on the 
different resistances of muscles, bones 
and tissues, at high voltage, current 
passes indiscriminately throughout tis- 
sue. In this instance, current will evapor- 
ate water in the flesh leaving a charred 
wound, akin to an overcooked piece of 
meat. The flesh at a current exit usually 
looks like it has blown outwards, as if the 
current has exploded from the skin. Loss 
of limbs is common. 


Heart Failure 


Current paths between the arms or an 
arm and a leg are most hazardous 
because the current will pass through the 
heart. A current of about 100mA can pro- 
duce an extra heartbeat, and at 250mA 
will induce ventricular fibrillation or 
uncoordinated contractions of the heart 
muscle, 

‘The human heart is unable to recover 
from this level of abuse on its own, even 
when current is removed. Death is 
inevitable, unless defibrillation or exter- 
nal chest compression is used. A defib- 
rillation machine delivers a jolt of energy 
at high voltage and current — typically 400 
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Figure 8. External chest compression — 
finding the junction of the casualty's rib 
margins at the base of the breastbone. 


Figure 9. Applying compressions to the 
casualty’s heart — note interlocked hands. 





Beware of old switch-gear (left) 
» and overhead powerlines (right). 











Keep out of electrical substations. Even if 
direct contact is not made, high voltages 
can arc (jump) many feet. 





joules — to the victim. After the initial 
shock, the heart relaxes and picks up its 
normal beat. 

Higher currents (several amps or so) 
do not cause the heart to beat irregularly, 
but place it in a state of excitation from 
which it can usually recover unaided. 
Consequently there is a narrow current 
band which can cause death by heart fail- 
ure. This explains in part why heart fatal- 
ities occur at relatively low voltages while 
high-voltage fatalities are mainly due to 
breathing irregularities or burns. 


Breathing Problems 

Not surprisingly the head is the most 
common point of entry for high-tension 
electric current. As well as inflicting ther- 
mal damage, currents travelling through 
the head progress down the brain stem 
and paralyse the parts of the brain that 
control breathing. While an AC current 
of several hundred milliamps passing 
transversely through the brain rarely 
causes breathing problems, a current 
flowing vertically will pass through muscles 
that control breathing Almost certainly 
causing breathing to cease. 


Treatment 

Haying identified an electric shock, speed 
and coolness are essential. The first move 
must be to remove the patient from the 


Figure 10. The recovery position. 





source of electricity. This is best achieved 
by removing the source of the current at 
the main distribution point or isolating 
Switch. If this is not possible, the patient 
must be physically moved from the 
Source. However, this is fraught with dif- 
ficulty — great care must be taken not to 
make electrical contact with the victim. 
Stand on a dry non-conducting material 
such as a rubber mat, a coat or piece of 
cardboard. Push the victim with some- 
thing equally non-conducting such as a 
chair, wooden broom or walking-stick as 
shown in Figure 3. Alternatively wear rub- 
ber gloves or wrap your hands in dry 
thick material such as a rug or carpet. Do 
not under any circumstances touch the 
casualty with bare hands or use wet, 
Greasy objects. 

Once the casualty has been removed 
from the electrical source, check whether 
the heart has stopped. If it has, there will 
be no neck pulse and the face will be blue 
or very pale and the pupils enlarged. If 
you have been trained to, start external 
chest compression. 

Next check breathing, If the casualty is 
not breathing, start artificial respiration 
alternating with external chest compres- 
sion. Keep this up. In about half of all 
electrocution cases where the patient 
ceases breathing, there is recovery with 
artificial respiration. Ninety per cent of all 
patients who start breathing do so within 
half an hour, Delay in s' artificial 
respiration can be fatal. If it is started at 
once, 70% of all patients recover. If there 
is more than three minutes’ delay, this fig- 
ure falls to 20%. The lesson is obvious. 








Once the casualty has recovered 
breathing, place in the recovery position 
as shown in Figure 10 — again expert 
tuition is essential in order to be able to 
perform this procedure correctly. 

Next call the emergency services. If you 
are not alone when discovering the casu- 
alty, then a second person should sum- 
mon assistance immediately. After any 
electric shock, it is essential that expert 
medical treatment is sought. The physi- 
cal and psychological effects of shock can 
last for days and electrical burns require 
expert attention. 


High Voltage 

With high voltages from sources such as 
substations or overhead cables, the 
patient will usually haye been thrown 
clear of the source. If not, the danger to 
the rescuer is very great while the current 
remains on. High voltage can are con- 
siderable distances, especially in damp 
conditions, so you should keep well 
clear of the casualty and the electrical 
equipment. In this situation your chances 
of doing anything are minimal. The 
emergency services should be called, who. 
will contact the appropriate electricity 
company to request that power be 
removed. 


References and 

Further Reading 

Electricity, Magnetism and the Body — 
Some Uses and Abuses by A. T. Barker. 
Electrical Stimulation and Electro- 
pathology by J. Patrick Reilly, 

Electrical Trauma — the Pathophysiology, 
Manifestations and Clinical Management 
byR.C. Lee, E. G. Cravalho and J. F Burke, 
First Aid in the Workplace by Lord 
Stephen Taylor and Dr Patricia Elliot. 
Health and Safety Law by B. Barrett 
and R. Howells. 

First Aid Manual — The Authorised 
Manual of St. John Ambulance, 
St. Andrew Ambulance Association and 
The British Red Cross Society. 
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FEATURES 


* Uses new analogue recording technique 
* 16 seconds record time * Surface mount 


Memo Pad... 






useful device 


< An extremely miniaturisation * On board loudspeaker 
recording short voice * Single voltage supply > Ten year voice 
messages with instant retention * Excellent record quality 
Fecord tones, but only with * Message waiting indication *« Message 
the passband of the device. overwrite protection 





Power [Fewer conaitioning 





Internal clock 


antialiasing fitter} [Analog transceivers 
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Sampling clock 
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Figure 1. Block diagram of the ISD1016AG Voice RecordPlayback IC. 


Specification 
Supply voltage 


Minimum: 
Maximum: 
Supply current 
Standby: 
Average playback: 
PCB size: 
Box size: 
Weight: 


63V 
95V 


194A 
65mA 
65 x 55mm 


Making a grab for the pen 
(which seemed to have a life of 
its own) as it disappeared into 
the mysterious void between the 
cupboard and the floor, never to 
be seen again. What could she 
do? If she did not make a note 
of that phone number it would 
be lost for ever, just like the pent 
Then she remembered her new 
fangled memo pad. Forgetting 
she had put it in, 

she frantically checked each 

on finding it, she clasped it 
in her clammy hand; holding it 
up to ber mouth to record the 
message, she noticed the red 
What's this?”, 


LED flashing. 
she thought to herself, she bad 
to replay the last recorded 
message, ber finger pushed the 
button and from the compact 


he could clearly hear 
A look of pure 
astonishment passed across ber 
face, as playing back from the 
speaker was the same phone 
number that she was going to 
make a note of, The scatter 
brained idiot bad forgotten 
the message she had recorded 
earlier. It was the number of 
the doctor she was seeing 
about her ammnesiatl 


speaker 
her own voice. 





107 x 60 x 25mm 


129g (with battery) Both sides of the assembled Memo Pad PCB. 


Circuit Description 


The circuit is relatively simple, and owes 
much to the ISD1016AG single chip voice 
record/playoack device (the block diagrem 
of the ISD1016AG is shown in Figure 1). 

Its revolutionary method of recording and 
stoning does away with the need for digital 
memory, as the IC uses non-volatile EEPROM 
technology, and allows analogue data to be 
written directly into the ceils without A-to-D 
or D-to-A conversion, modulators and 
battery back-up circuits. It means lower chip 
count, and the storage density is eight times 
greater than conventional digital memory. 
Another point is that if just a single cell fails 
in conventional digital EEPROM memory, this 
renders the whole memory IC unusable. 

In the ISD10164G, a single cell failure 

during progremming will only result in an 
imperceptible change in distortion, and 

in fact, many hundreds of random failures 








would have to occur before recording 
quality noticeably degrades. 

The block diagram for the Memo Pad 
is given in Figure 2. As can be seen, (C1 
(SD1016AG) is the heart of the system, and 
provides the audio preamp, power amp, 
automatic gain control and filtering, and of 
course the memory. In fact everything that 
is needed for a complete message system. 
The external components are the play 
and record buttons, electret microphone, 
loudspeaker and the power supply unit 

The circuit diagram is shown in Figure 3. 
The suppyy is from 4 9V PP3 battery and is 
switched by S3. Diode D5 polanty protects 
the circuit. IC1 must not have more than +7V 
@ppiied to it; a new PP3 will have a terminal 
voltage +9-5V. Since the requirement is for 
low power consumption, rather than having a 
Zener or a conventional voltage regulator the 
Configuration of D3, D4, TR4 and R16, tale the 
Place of a dropper resistor and erisures the 


1SD1016A 
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Figure 4. PCB Legend and track. 


e765 Back view 
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Gop to prevent 
microphone casing 
from touching pins 


Bend legs of capacitor 
and solder onto pads nee 





Speaker flat 
against PCB 


Figure 5. Special component fitting requirements. 
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correct voltage to the rest of the circuit 
Capacitor C12 smoothes the supply and 
C13 provides high-frequency delooping. The 
electret microphone is connected between 
+&-MC The network of resistors R12 and 
R13 biases the microphone, and C6 feeds 
the audio to the input stage of IC1, Capacitor 
C7 smoothes the supply to the microphone. 
Capacitor,C10 and resistor R14 set the AGC 
Operating characteristics on IC1. Capacitor 
5 provides low-frequency cut off. 

The minimum audio output impedance 
of the ISD1016AG is 16Q, but as the Memo 
Pad uses an 8Q loud speaker, an additional 
109 resistor, R10 has been included in sees 
with the loudspeaker. 

ICQ is a SMD 555 timer IC. This is used in its 
sevreset mode, and the purpose of this is to 
form a latch to prevent new messages from 
being erased (a message cannot be erased 
until it has been played back at least once. 


Playback Mode 

At switch on, transistor TR1 is biased off with 

the collector at Vcc. Pressing the play button 

($1) biases transistor TR1 on and its collector 

Potential drops, presenting a negative going 

2dige to pin 24 on IC1 for playoack mode, 

and via R11 to pin 93, the chip enable 

(GE). This staris the playback of the message. 
cu 


Fitting surface mount devices requires a steady hand! 


Figure 6. Battery clip wiring. 


When the play button is released, due to 

8 positive voltage from IC1 via 85 and R6, 
the positive bias is maintained on the base 
of TR1. When IC1 finishes its 16 seconds 
playoack, a negative going edge from the 
“end of message’ (EOM) on pin 25, is sent 
via D1 to the base of TR1 and thus switches 
it off. The potential on the collector of TR1 
fises again and C1 is then put back in its 
standby mode. 


Record Mode 


Pressing the record button (S2) pulls pin 97 
(PR) on IC1 low, and a negative going edge 
is passed through D2 which resets IC2 on 
pin 4 and pulls pin 23 on IC1 low va R11, 
this is the chip enable (CE), and pin 24 (PD), 
(C1 new goes into its record mode. With 
the line held low by S2 when TR? is biased 
on, the output of 555 is low. When $2 is 
released or pin 25 on ICi (EOM) goes low, 
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TR is biased off and generates a pulse via 
C2 and R15, this causes the collector of TR3 
to go low, this in tum tiggers ICQ, the output 
of which, pin 3, goes high and enables the 
flashing LED. With the latch set on ICQ, it 
Prevents another message to be recorded. 
Pressing the play button ($1) resets IC2 

and thus enables another message fo be 
recorded if required. 


Preconstruction Tips 
Atfirst sight the fact that this is a surface 
mount device (SMD) project may seem 


Gaunting, as circuits using SMD components 
will always require extra skill to build by 
hand as they were intended to be fitted by 
machine, but do not be put off, it is possible 
to build such circuits with a littie patience. 
There is a relatively easy way to solder 
these tiny components using only ‘ordinary’ 
equipment 

Before you start, it may be useful to check 
that you have the following items laid out 
Near your work area: 
1. Alow wattage soldering iron (15W 

of less) with a fine bit (0-Smm is 

recommended). 
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2 Apair of tweezers or snipe-nose pliers. 

3. Amagnifying glass. 

4. Asheet of clean white paper (A4 is ideal) 
upon which to place each surface mount 
component, prior to positioning 

5. PCB cleaner and a small orush. 


Construction 


Before attempting any soldering, ensure that 
you double-check that the type, value, and 
positioning of the components are correct. 
The PCB legend (see Figure 4) will assist you 
when positioning each item. 

Using the wire provided for the links, cut 
to the correct lengths, and fit and solder 
conventionally into the PCB, Next fit and 
solder the four PCB pins from the non-foil 
side of the PCB, soldering onto the tracks 
on the other side. 

The next stage is to identify the SMDs, 
with the exception of the two SMD ICs, 
and fit to the PCB. First the SMD resistors, 
then the SMD capacitors, SMD diodes and 
SMD transistors, these will be contained in 
their own dispensers, 

Remember try not to heat the SMD 
components for too long as damage 
may occur, 

The correct procedure is as follows: 

1. ‘Wet one of the component pads with 
solder. 

2. Hold the component in position using 
tweezers or snipe-nosed pliers. 





Assembled PCB fitted into the box. 
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3. Reflow the soider to ‘wet’ the component 
(hold it in position until the joint cools). 

4. Make the other joint 

5. Remake the 1st joint with fresh solder. 

The correct onentation of the two SMD 
ICs is as follows: The ISD1016AG has 6 
small round indentation on the top left side, 
denoting pin 1, and the 555C has a sloping 
edge on the left side denoting pin 7 

Special care must be taken when 
soldering the two SMD ICs to the PCB, as 
they will be almost impossible to desolder 
once in position. 

Refer to Figure 5 which shows how to 
mount the larger of the components. 

When fitting the electrolytic capacitors 
make sure that they are correctly orientated, 
Figure 5 shows how the leads are bent at 
fight angles, with the body of the capacitor 
resting against the PCB. The electret 
microphone must also be correctly orientated 
and fitted at a slight angle, see Figure 5. 

Note that the negative pad on the 
microphone is connected to the microphone 
casing, and is soldered in position making 
sure that the microphone casing does not 
short out against the PCB pin. 

The LED and the two push switches, 
are mounted conventionally on the reverse 
side of the PCB, and soldered in position. 

Now position $3 (slide switch), this is 
sokdered onto the PCB pins at the side of the 
PCB. The PCB pins for the loudspeaker need 
to be cut down, and the loudspeaker 
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Figure 9. Memo Pad front label. 


positioned as shown and soldered in place. 
Finally fit and solder the battery clip, making 
sure that the polarity is correct, as shown 
in Figure 6. 


Box Preparation 


The box comes precut for two press 
switches, the only holes to be prepared 

are for the LED, speaker and for the 

On/Off switch. Referring to Figure 7 for box 
Preparation, use a hacksaw blade to cut two 
vertical lines down the plastic for the On/Off 
switch, then use a sharp Stanley knife (be 
extremely careful) to score the plastic along 
the moulding line, snapping off the plastic. 
Using the label as a template, cinll the hole 
for the LED, clean up any plastic swarf, 

and fit the label in position. Next fit the 

PCB, pressing in both of the buttons located 
in the case, to allow the edge of the 
speaker to pass under the edge, so 

a5 not to catch. 

Note the post (bottom centre of box) 
may need a slice of plastic removed to allow 
the speaker to sit fiat on the bottom of the 
box. Secure the PCB with the screws 
provided with the box. 


Testing and Operation 

Ease of use is one of the main features of 
this project, with only two press buttons as 
well as an On/Off switch, how can you go 
wrong? 

Operation is similar to an ordinary tape 
recorder, with S2 (@) acting as the record: 
button, and $1 (>) as the playoack button. 

After fitting a new QV PP3 battery into the 
compartment provided, switch on the unit. 
This operation will cause the red LED to flash. 
This normally reminds users at this point that 
a message has been previously recorded, 
tout on this occasion, as it is the first time. 
the unit has been powered up, there will 
probably be random digital noise. Press 
the playoack button (PP) and listen to 
the loudspeaker anyway. When the Memo 
Pad has finished playing back whatever 
is in the memory, the LED will extinguish 
and a new message can be recorded. 

To record your first message, press 
and hold in the record button (@), and 
speak into the microphone. Once you have 
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finished talking release the record [een if 
you have talked for longer 
you will notice that the LED is Tesh this 
means that the memory is completely full 
and the last part of the message will be lost. 











the message). For it to fiash for 


switch the unit off wait 2 seconds and then 
1. 0n again, This will make the LED fiash, 
thus protecting the message Remember 
when a message has been recorded it will 
not be lost when the device is powered 











In order to listen to the message recorded the message that you have just played; down. 
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RESISTORS: (All Surface Mount) Enciosure with Buttons _ 1 (QW26D) 
R1235,69,11 47k 1 Pit (DOW) PP3 Battery Clip 1 (HF28F) 
R4.13,16 10k 1 Pkt (O71) Front Panel Label 1 (KP79L) 
R7,15 100k 1 Pat (Diggy) PCB 1 (G08) 
8 470Q 1 Pkt (DJIOL) Instruction Leafiet 1 (XV248) 
ey ue 1 ms (ae) Constructors’ Guide 1 (KH79%) 
‘ i 
ry OPTIONAL (Not in Kit) 

ye he LES GPSS) 9 °P3 Duracell Battery 1 Gy49D) 
CAPACITORS 2 
€1;23,49,11,13 100nF SMD Ceramic 1 Pkt (DJOOA) P ‘ 
68 290nF SMD Ceramic 7 Pkt (DJ01B) The Maplin ‘Get 
qa 47uF 16V Suo-min Racial Blectrotic 1 (YY37S) for this proj 
ci0 4,17F 35V Suo-min Radial Electrolytic 1 (¥33D current Maplin Catalogue for details. 
cig 29,iF 16V Sub-min Racial Electrolytic 1 (yy36P) The above items (excluding Optional) are available as a kit, 
SEMICONDUCTORS which offers a saving over buying the parts separately. 
DI1-5 BAS16 SMD 7 Pkt (DB13P) Order As LT79L (Memo Pad) Price £29.99 
ito) 3mm High Brightness Flash Red 1 (UK33L) Please Note: Where ‘package’ quantities are stated in the 
TRI-4 BC846A SMD 1 Pkt (DB17T) Parts st (@g., packet, strip, reel, etc. exact quantity 
a1 D101 6AG SMD i ia) required to build the project will be supplied in the kit 
Ne eahie Pe ie ven The followin items (which are included in the kit) 

ELLA re als Tc) it are Not shown in the 
512 Small PCB Push-button Switch 2 (KRBQW) viblcngatigs ear ean sagen 
es Ast ave Sua) dpa eens Memo Pad PCB Order As GJ08) Price £1.99 

Bectret Omni-cirectiona Microphone 1. (Q¥695) : 
Loudspeaker Lo-Z 388 i Memo Pad Front Label Order As KP79L Price £1.99 
= resnlll| 





SEETRAX CAE - RANGER - PCB DESIGN 


Ranger! £100 


* Schematic capture linked to PCB 

* Parts and wiring list entry 

* Outline (footprint) library editor 

* Manual board layout 

* Full design rule checker 

* Back annotation (linked to schematic) 

* Power, memory and signal autorouter - £50 





All systems upward compatible. Trade-in deals available. 
Call Seetrax CAE for further information\demo packs. 


Tel 0705 591037 Fax 0705 599036 
Seetrax CAE, Hinton Daubnay House, Broadway Lane, 
Lovedean, Hampshire, PO8 OSG 

All trademarks acknowledged. 


Ranger2 £599 


All the features of Ranger! plus 

* Gate & pin swapping (linked to schematic) 
* Track highlighting 

* Auto track necking 

* Copper flood fill 

* Power planes (heat-relief & anti-pads) 

* Rip-up & retry autorouter 


Ranger3 £3500 


All the features of Ranger2 plus 

* UNIX or DOS versions 

*-1 Micron resolution and angles to 1/10th degree 
* Hierarchical or flat schematic 

* Unlimited design size 

* Any-shaped pad 

* Split power planes 

* Optional on-line DRC 

* 100% rip-up & retry, push & shove autorouter 


Outputs to: 


* 8/9 and 24 pin dot-matrix printers 

* HP Desk/Laser Jet, Canon BJet, Postscript (R3 only) 
* HP-GL, Houston Instruments plotters 

* Gerber photoplotters 

* NC Drill Excellon, Sieb & Meyer 

* AutoCAD DXF 
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One of the most common ways of get- 
ting onto the Intemet is by a dialup tele- 
phone connection to an Internet 
provider's computer server. From there, 
anyone is able to use their computer at 
home or in the office as a front-end to 
the whole system. It is as if you were 
directly connected to the Intemet, but 
from the comfort of your armchair, 
mobile in the car, out in the garden shed 

in fect, wherever there is a telephone 


connection. 

The telephone jink is the key to the 
whole exercise of course and this is 
always done with some form of modem 
at your computer end. In practical terms, 
it does not seem to matter what type of 
modem you have, although more about 
this later. However, there has to be 
‘some control over the transfer of infor- 
‘mation at both your computer and at the 
information provider's computer. This 
control is usually provided in the form of 
software which govems the protocols 
which both computers must follow, and 
manage the system to the extent that 
user can only access the intemet if that 
user has got the proper privileges (which 
usually means that the user has paid the 
Intemet access provider). 

There are two very common software 
package-types in use which do all this. 
FirstClass Client is one of the varieties 
of SLIP (which stands for serial line inter- 
net protocol), and the other is one of the 
forms of PPP (which stands for point-to- 
point protocol). Your computer prob- 
ably needs one of these to get on the 
Intemat. Which one you use depends 
totally on your Intemet access provider. 
There are other protocol governing 
packages but SLIP and PPP are by far 
and away the most common, simply 
because they are relatively easy to uss 
and reasonably modem in their imple- 
mentation. 

Information which either of these two 
forms of pratocol control methods need 
from you as a uset varies, but generally 
you have to input the following at least: 
@ the server's telephone number 
@ your login name 
@ your password 
@ the fogin procedure — what information 

is passed between your computer and 

the provider's, usually in the form of a 

script of soma description) 

‘@ your Intemet address (generally called 
an IP address — in the form of a num- 
ber like 123.456.769.123) 


All of this can usually be stored by the 
SLIP or PPP package, so you only have 
to enter it once. Thereafter, when you 
want to make the connection you just 
run the package and it dials the 
provider's number and deals with con- 
nection details. Once it has done its dial- 





‘A last word about telephone dial-up 
connection fies with your modem. The 
faster it is the better — simply because 
data takes a finite time to travel and toa 
large extent the modem can cut down 
this time. Use the fastest modem appro- 
priate, if only to save your telephone 
bilts. 


Top of the Class 

‘A couple of months back (the January 
issue) we took a short look at FirstClass 
Client. It is an e-mail communications 
application which has (quite incidentally) 
been adopted by many hundreds of but- 
fetin board services worldwide. At the 
last count almost a thousand BBSs use 
it as a high-quality front-end for their 
users to get access to, and numbers are 
growing by the day. It provides a graph- 
ical user interface, incredibly easy to 
understand and get along with. 

‘When we tock our last brief look we 
noted that a new version of FirstClass 
Client was due out which would support 
TCPIP connectivity. Well, it is now out 
and we have been playing with it. 
Version 2.6 of FirstClass Ciient (that's 
the official name of the software you 
need on your computer) allows you to opt 
that communication is to be via TCPAP, 
then enter the IP address (in the Server 
slat) and port (in the advanced settings 
TCP port siot) of a BBS using a new 
FirstClass Ciient settings file. FirstClass 
Client 2.6 is available for both Windows 
and Mac computers. Then, provided you 
are on the Intemat (and a SLIP or PPP 
account is sufficient) you can access the 
BBS direct. 

In effect, what it means is a brand-new 
service on the Intemet, along with World 
Wide Web, FTP, Gopher, WAIS and the 
rest. And like those other Intemet ser- 
vices, they cost only the price of your 
Intemet connection — that is, what you 
pay your Intemet provider. and the tele- 
phone call itself. Given that you have 
your Internet connection anyway, you 
‘can now access these BBSs for the cost 
of (depending on your proximity to your 
provider) a local telephone call. 

Here are some of the first FirstClass 
BBSs which are on-line to the Intemet. 
Most are Stateside, but the last is 
European. There will obviously be more, 
and hopetully some UK ones soon. We 
will keep you posted. 


FirstClass BBS (P address Port 


digitalNation 204.91.31.64 3004 
InfiNet 204.96.111157 4000 
CyberDen 199.4.6418 3000 
MtPamassus 20430143 3000 


Metronet 
magnet 


204112146 3000 
493.80.248.21 S004 


Credit Card Internet 
Security 

First Data Card Services Group (FDC) of 
Omaha and Netscape (formerly Mosaic) 
Communications Corporation of 


Mountain View has announced that it 
will provide @ secure way to conduct 


will lat FDC and its member banks pro- 
vide the first real-time online card auth- 


wroridwilbs able to purchase goods and 
services via the net, using any major 


Two-Way Voice Calls 
Over the Internet 


Intemet Global Phone (IGP), the pro- 
gram will run on any PC equipped with 
3 SoundBlaster compatible sound card, 
speakers, anda 

‘The program is expected to be of 
some interest fo the many millions of 
Intemet subscribers, and to the various 
govemments and institutions that now 
underwrite the sprawling, worldwide net- 
work. 


IGP uses voice compression technol- 
ogy developed at the Technical 
University of Berlin and made freely 
available over the Intemet. The com- 
pression technology, called GSM, 
makes real-time voice connections prac 
tical over any common modem-based 
Internat connection from 14-4K-bit's up. 
Ntalso works over ISDN-based or LAN- 
based connections. 

IGP source code can be downloaded 
from the DDJ Forum on CompuServe 
(GO DDJ) or via anonymous FTP from 
Koa atte soc vor (18 024) 
in the /pub/ddj directory. 

The software implementation can be 
obtained via anonymous FTP from 
Internet site ftp.cs.tu-berlin.de in the 
Ipubllocal/kbsitubmikigsmy directory, 
or by e-mail: jutta@es.tu-berlin.de. 


BT Launches Internet 
Services 
After months of speculation, British 
Telecom (BT) has finally announced 
BTnet, which it claims is the most com- 
prehensive connection to the Intemet. 

Critics could accuse BT of merely 
leaping aboard the Intemet bandwagon, 
but BT officials argue otherwise. They 
point to the fact that BTnet is the widest 
range of direct connection offered to the 
public to date, with everything from 
modem dial-up to high-speed broad- 
band communications available. 

BT is offering applications software to 
‘access the Intemet for both IBM PC and 
Apple Macintosh: 








a ea PON Gee 

Europe. access is via PDN (packet data 
networks), as well 2s frame relay. 

Standard facilities on BTnet include 


dial-up 

(ONS), and FTP (File Transfer Protocol) 
services. Future developments will 
include support for World Wide Web 
servers for customers, allowing informa: 

tion to be displayed on an information 
provider (IP) basis. 

BT officials are stressing that the 
BTnet service portfolio is very much 
aimed at major companies, at least in- 
itially, with service charges starting at 
£499 for ISDN connection to the service 
‘and £3,000 a year for a subscription. 


Whitehouse Web 

Forget everything you saw on the BBC 
TV Sitcom Two Point Four Children 
screened during the Christmas period... 
this time it’s for reall 

The computer screen opens with a 
colour photograph of the White House, 
taken from Pennsylvania Avenue. A 
plaque at the top says, in omate script, 
‘Welcome to the White House’, and at 
the bottom, ‘An Interactive Citizens’ 
Handbook! 

Welcome to the White House's World 
Wide Web site, viewed through Mosaic. 
‘The hypertext Web site offers a single 
point to access much of the federal US 
‘goverment information available on the 
Intemet. 

The information on the White House 
includes a photographic tour of the pub- 
lic areas of the President's house and 
office, but not the private living areas. 
Clicking on an icon of Socks, the White 
House cat,, produces a '‘Meaw, Meow, 
Meow’ sound bite. 

Net surfers have long been able to 
send e-mail to the White House, but the 
new WWW site marks a step up in 
sophistication and ease of use, at least 
for those who have high-speed internet 
access. Mosaicis vary siow for the large 
{and growing) number of people who 
access the net via PC and modem. 
Those without high-speed access can 
use text-only browsers such as Lynx to 
access the site. 

There is more to come. Among the 
enhancements now under construction 
are the ablity to fill out disaster reliel 
forms from the Federal Emergency 
Management Agency, and after thal, 
access to ather goverment forms. 

‘The White House site can be reached 
at: http:/www.whitehouse.gov. 








= She. ae "Ss" Lestination 

Who could forgive us if we did not look at 
one of the FirstClass BBSs, having whet- 
ted your appetite’s with details about how 
to reach them. Favourite is digitalNation, 
which actually has several BBS locations 
across the USA — the one listed (and 
shown below) is in Washington. It's a 
cool spot! For an even cooler interface 
though, download the dN setings file 
(held in the dN Settings folder within the 
IMPORTANT! folder on the desktop) and 
une it to reconnect to dN. 
























































Applications of Digital 
Signal Processing 

Fast Fourier Transforms (FFT) 
Fourier transforms convert data from the 
time domain to the frequency domain. 
They are extensively used in DSP and algor- 
ithms which can compute a Fourier trans- 
form efficiently are called Fast Fourier 
Transforms. The TMS320C26 can com- 
pute an FFT very quickly due to its very 
short cycle time, and is thus ideal for use 
in spectrum analysers and instruments- 
tion applications. 

Control Systems 

Control theory is another major application 
of DSP In a contro! system, a sensor is 
used to monitor the system's operation. 
The signal from the sensor is ‘fed back’ to 
the system's manager (which may be ana- 
logue or digital) which determines any 
action to be taken to ensure that the sys- 
tem performs as specified. The 
TMS320C26 is capable of running very 
Sophisticated control algorithms for appli- 
cations such as noise fitering, etc. 


Speech Processing 

The speed with which a digital signal 
Processor can perform calculations and 
bit-manipulations means that it is espe- 
dally suited for implementing the complex 
algorithms which are required for speech 
Processing. 

DSP processors are widely used in the 
telecommunications industry; they are 
used, for example, in ‘echo’ cancellation 
(caused by the mismatch of transmission 
line impedances) applications, and in high- 
speed modems. 


Image Processing 

Modem image processing is placing more 
and more demands on DSP processors. 
The image processing required for appli- 
cations such as CAD, and Virtual Reality, 
for example, involves thousands of com- 
plex calculations every second. A DSP 
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Processor has features designed to enable 
this type of calculation to be performed 
very quickly; the TMS320C26, for example, 
allows row by row matrix operations to be 
Performed. 


System Requirements 

The DSP kit has been designed to use an 
IBM PC/AT or 100% compatible as its host 
system. The PC must have a hard disk, 
and a minimum of 640K RAM. All soft- 
ware is supplied on a 1-2M-byte 5:25in. 
disk. 

The DSP processor board requires a 9V 
AC (@ 250mA) power supply with a 
2-1mm power jack connector, and is inter- 
faced to the host machine via an RS232 
serial communications link. 


The DSK Board 


The board is fairly compact, mainly due to 
@ large number of the components being 
Surface mount devices. The main compon- 
ents can be divided into three sections: 

(@) The on-board power supply, which 


Review by Dean P. Hodgkins BEng¢ions) 


Until fairly recently, digital signal processing 
was beyond reach for most hobbyists, 
but that is about to change! Texas 
Instruments’ DSP starter kit (DSK) 
makes real-time signal-processing an 
affordable reality for all PC users. The 

kit comprises a PC linkable board, which 
contains a TMS320C26 digital signal 
processor, and all necessary software to 
get the board ‘up and running’, including 
an assembler and debugging tools — in 
short, this is a complete DSP development 
environment which provides designers with 
a fast and easy méthod of using real-time 
DSP for a multitude of applications. 


makes use of LM7805 and LM7905 
voltage regulators. 

(b) The RS232 interface components, 
which include an RS232 line driver, an 
RS232 line receiver, and an analogue 
interface IC. 

© he digital signal processor and sys- 
tem clock (@ 40MHz TTL oscillator). 

The interface circuitry and the processor 

will now be discussed in more detail. 


| The TMS320C26 Digital 

Signal Processor 

This is the heart of the DSK; the 
TMS320C26 has an instruction cycle time 
of 100ns, and since many instructions 
require only one cycle, the processor can 
execute up to 10 million instructions per 
second. Itis, therefore, capable of handing 
many real-time DSP algorithms. 

The TMS320C26 has 1568 16-bit words 
of on-chip RAM, 256 words of on-chip 
ROM, and can directly address 128K 
words of external data/program memory 
(up to 64K words of each). The ALU 
(rithmetic Logic Unit) and Accumulator 
have a 32-bit word-length, and the proces- 
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sorhas a 16 16-bit hard-wired multiplier, 
capable of calculating a 32-bit product in a 
single machine cycle! Other features 
include an on-chip timer and clock genera- 
tor, a 16-bit parallel interface, 16 input and 
16 output channels, and a global data 
memory interface. 

The processor may be used alone, or it 
may be used in a multiprocessor system, 
with other devices in parallel, or with global 
memory space. 

What makes this processor especially 
usefulis its on-chip memory. Programs are 
downloaded from slower, external mem- 
ory devices to the chip's (much faster) 
memory, from where they are executed. 
The processor's instruction set has special 
‘block transfer’ commands which enable 
blocks of data from external memory to be 
loaded into its on-chip RAM very quickly. 

The instruction set supports three 
addressing modes: direct; indirect; and 
immediate addressing - there are eight 
auxiliary registers and a dedicated arith- 
metic unit for the indirect addressing 
mode. 


The Analogue Interface 

The DSK uses a TLC32040CFN Analogue 
Interface Circuit IC for all analogue-to-digi- 
tal and digital-to-analogue conversions. 
The TLC32040CFN has a 14-bit ADC and 
DAC resolution, and can support variable 


sampling rates, up to 19,200 samples per 
second. The IC has an antialiasing input fi- 
ter, and a low-pass output-reconstruction 
iter. 





Connecting the DSK 

The DSP board is linked to the host PC by 
means of an RS232 cable, which connects 
to either communications port on a PC. 
The other end of the cable connects to 
the board via a 9-pin D-type socket. A 
standard RS232 cable may be used, in 
conjunction with @ 25-to-9 pin adaptor, but 
since the DSP board only uses 4 out of the 
9 pins, it is easy to make your own cable. 
We made ours from 4-core, screened data 
transmission cable. The board is powered 
by an extemal 9V AC supply, which must 
be able to supply at least 250mA. The 
ignal input and output connections use 
standard ‘phono’ sockets. 








The Development Process 


The development process is shown in 
Figure 1. The idea behind this process is to 
be able to produce software which can be 
executed in a DSP target system. This is 
achieved by using the assembler and 
debugger software Gincluded with the kit) 
to write, edit, test, and modify applications 
software for the DSR 
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The Assembler 

The assembler transiates an assembly lan- 
guage source code file into a machine code 
file, known as the object code, which can 
be executed by the processor itself. The 
DSK assembler allows the user to specify 
‘directives’ before assembly, so that code 
may be generated for an absolute address 
(en address which is permanently mapped 
to a memory lecation), hence avoiding the 
need for a ‘linker’ stage, 





The Debugger 

The purpose of the debugger is to allow 
the user to locate and remove any errors 
bugs’) which may occur in thelr code. It 
has a window-based display which means 
that it is easy to use and can be quickly 
mastered by new users. The debugger has 
all the features that one would expect, 
including single-step execution, breakpoint 
setting, and run-time execution halt. 





Using the DSK 


Having connected the DSK module and 
tumed on the power supply, we decided to 
run some of the demonstration software 
which was supplied with the kit; the first 
to be tested was a spectrum analyser pro- 
gram. The assembler was invoked to 
assemble the spectrum analyser program 
by simply typing ‘DSKA DSK_SPEC’; the 
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Photo 2. Oscilloscope screen, showing the results of the spectrum 


analyser program; the peak occurs at 10-83kHz, which was the 


frequency of the test signal applied. 
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Photo 3. Spectrum analyser program; the peak again occurs at 
10-83kHz, which was the frequency of the test signal applied. 
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Photo 4. Audio Analyser program; the sine wave output is clearly 


visible. 


Program assembled without any prob- 
lems. The debugger was then loaded and 
used to execute the object code (see 
Photo 1). A pure sine wave signal of 10kHz 
was applied to the module by connecting 
@ signal generator to the input socket. The 
results were displayed on an oscilloscope 
(See Photo 2), which had been connected 
to the module's output socket. 

Not everyone has access to an oscillo- 
scope, and so a second version of the 
spectrum analyser code has been included 
which makes use of the host machine's 
graphics display instead, as shown in 
Photo 3. The results obtained were identi- 
cal in each case, but due to the extra code 
required to generate graphics on the host 
machine's display, etc., this program was 
slightly slower to run than the previous 
version. It does, however, include an extra 
feature: an averaging function, which 
allows the output to be averaged over 2, 
4, or 8 complete frequency response 
measurements. This helps to reduce 
the effects of any noise which may be 
present in the system. 

One other interesting demonstration 
program is the Audio Analyser; this allows 
the user to measure the audio frequency 
response of a loudspeaker, or similar, by 
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Photo 5. Audio Analyser program, showing the frequency response 


band-pass filter. 


tuming the DSK into a DC-20kHz oscillo- 
scope, with the PC’s monitor being used 
to display the waveforms. it was written 
for the TMS320C26 DSP Starter Kit, but is 
easily modified to run on other devices. 
The Audio Analyser works by generating 
a ‘precision’ sine wave signal (by using a 
bit reversed lookup table method) which is 
input to the audio system being tested 
(see Photo 4). The software alters the fre- 
quency of the signal over a specified range, 
and the output signal from the system 
being tested is fed back to the DSK, and 
‘recorded’. Once this process has been 
completed, the frequency response of the 
system is plotted (on a logarithmic scale). 
We measured the frequency response of 
the DSK's Analogue Interface Circuit's 
band-pass filter, Photo 5 shows the 
plot. 

Another noteworthy detail about the 
demonstration software is the fact that it 
uses a very fast 115200 baud rate! This 
was achieved by adjusting the communi- 
cations kemel, and using the TINT (Timer 
Interrupt) to contro! the RS232 sampling 
rate, allowing each RS232 sample to be 
resolved from 200ns to only 100ns. The 
documentation states that this feature 
has not yet been incorporated into the 
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plot of the DSK’s TLC32040CFN Analogue Interface Circutt’s 





debugger, but is available in several new 
application software examples. 

Several other small programs were sup- 
plied with the DSK, including a useful 
autotest program, Which checks and tests 
the DSP processor in situ. 

The software was easy to use, and the 
documentation supplied with the kit was 
concise, and clearly presented. Full detalls 
are provided on how to install the soft- 
ware, and how to link the DSK board to a 
host PC. RS232 pinout diagrams are given 
for construction of the link cable, and full 
circuit diagrams are included so the board 
can be easily modified and expanded. 


Future Upgrades 


At the time of writing, Texas Instruments 
had just launched (the official launch date 
was 1 June 1994) a new DSP Starter Kit, 
based around a TMS320C50 processor. 
This DSP runs at 40MHz, and has 10K 
words of on-chip RAM. The board features 
an EPROM, which enables the DSK to 
communicate with a PC. 

For further details on either Kit, contact 
‘Texas Instruments on (01234) 270111. 

Piease note that neither of these kits 
are available from Mapiin. W 
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Part Three — Clever Tricks 


By Andrew Chadwick B.A., C.Eng., M.LE.E. 


In this final part we discuss 
the operation of LEDs with 
respect to Pulsed Operation 
and Infra-red. 


| PULSED OPERATION | 


The concept of pulsed operation has 
already been mentioned in connection 
with the multiplexing of seven-segment 
displays. The idea is that an LED can be 
made to produce a greater intensity by 
driving it with a current far higher than 
normal. This will not damage the LED as 
Jong as the current is flowing for a frac- 
tion of the total time. This technique is 
also important in infra-red remote con- 
trol transmitters where it is applied in 
order to maximise the range. 

As with many semiconductor devices 
the limits on pulsed operation of LEDs 
are set by limitations on the current and 
the power dissipation; an LED data-sheet 
will typically show two maximum cur- 
rent ratings. 

The first is the DC forward current 





which is applicable when an LED is oper- 
ated in the conventional way. This rating 
has to be reduced at high ambient tem- 
peratures, otherwise the power dissi- 
pation will result in the maximum 
semiconductor junction temperature 
being exceeded, just as in a transistor. 
Information on derating is given as a 
graph of maximum forward current ver- 
sus ambient temperature, as shown in 
Figure 18, or simply as an equivalent 
statement such as “derate linearly at 
0-167mA per degree centigrade from 50 
degrees centigrade”. Most of the cooling 
of the LED junction is by means of con- 
duction down the leads, and so the lead 
length and method of soldering can affect 
the thermal rating, This is the reason for 
the two alternative curves in Figure 18. 
The second current rating is the peak 
forward current which relates to pulsed 
operation and may be from 3 to 20 times 
the DC forward current rating, The limit 
is set by the current carrying capabilities 
of the semiconductor and the bonding 
wires. However, the LED cannot be oper- 
ated at these high currents continuously 
without causing overheating of the LED. 








If the current is supplied in short pulses 
the junction temperature does not have 
time to rise too far and can then cool 
down during the time the current is off. 
Quite a reasonable analogy is an RC fil- 
ter fed with a square wave. This is shown 
more scientifically by a graph such as 
Figure 19. 

Taking an example of a multiplexed 
five-digit seven segment display refreshed 
at 1kHz, each digit would be on for 
1/1,000/5=0-0002s or 200us. Figure 19 
shows that the maximum safe current 
per segment would be 3-5 times the 
maximum DC current for this ambient 
temperature. 

When calculating the series resistor for 
pulsed operation of an LED it is impor- 
tant to remember that the voltage drop 
across the diode can be significantly 
higher than the value at normal currents, 
due to the internal impedance of the LED. 
A graph of forward voltage it for 
ward current is often included in the data 
sheet. 

Althoiigh the intensity of an LED 
increases with the forward current. it 
does not do so in direct proportion. 
Surprisingly, for LEDs based on GaAsR 
the light output increases more than pro- 
portionately, so that at high peak cur- 
rents the LED becomes more efficient. 
The increase can be as much as 50% 
compared to the value at the normal DC 
current, which can be a distinct benefit in 
multiplexed applications, For instance in 
our example of a five digit multiplexed 
display the brightness of the segments 
would be decreased by a factor of five 
because each is only on for one fifth of the 
time, but increased by 3-5 times because 
of the increased current, and increased 
by 1-5 times because of the improved effi- 
ciency, giving an overall factor of 1-05 
times the DC brightness! LEDs using 
other semiconductor materials show a 
slight drop in efficiency as the current 
increases. 


INFRA-RED LEDs 


Infra-red LEDs operate on the same 
principles as conventional LEDs, the 
only difference being that the radiation 
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Figure 18. Temperature derating of maximum 
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Figure 19. Curves for maximum current in pulsed operation. 





emitted is in the invisible infra-red spec- 
trum. Typically they are manufactured 
from GaAs or GaAlAs and operate in 
the frequency range of 820 to 950nm, 
which is known as the near infra-red. 
This range coincides with the region of 
Maximum sensitivity for silicon photo- 
detectors. This is an important consid- 
eration in many applications of 
infra-red LEDs where a cheap, sensitive 
detector is needed to sense the radia- 
tion from the LED (see Table 5 for typ- 
ical specification). 

One of the most familiar uses of infra- 
red LEDs is in remote control trans- 
mitters for televisions, VCRs and en- 
tertainment systems. Information is 
transmitted as a series of pulses, a 
method which allows high peak LED 
currents to be used in order to achieve 
a wide operating range. Often more than 
one LED is used for the same reason. 

The other area where infra-red LEDs 
are yery important is in optocouplers (see 
Table 6). These consist of an infra-red 
emitter and an output device encapsu- 
lated in a single package, often a 6-pin 
DIL type. The output device can take 
many forms from a simple photodiode to 
a triac or Schmitt trigger. However, in all 
cases it is controlled or activated solely by 
the infra-red radiation from the emitter, 
there being no electrical connection 
between thetwo. This electrical isolation 
between input and output is the main 
advantage of an optocoupler and is 
reflected in their alternative name of 
optoisolator. 

In a simple optocoupler the relation- 
ship between the output signal and input 
current varies widely from device to 
device and is also a function of tempera- | 
ture, This restricts their use primarily to, 
digital signals, However, special devices 
incorporating a second feedback detector 
are available which can be used for ana- 
logue signals. 

A typical optocoupler with transistor 
output is shown in Figure 20a. In addi- 
tion to the normal specifications for the 
maximum currents and voltages that can 
be applied to the LED and the transistor, 
two other important parameters are 
usually quoted. 

‘The first is the isolation voltage which 
is the maximum voltage that can be safely 
applied between input and output. This 
is normally a few thousand volts but may 
be given as an RMS, peak or DC value. 
Note that where an optocoupler is pro- | 
viding safety isolation from the mains it | 
must have an isolation voltage of at least | 
3000V DC. There must also be a sep- 


































































































Power | Stock 
m| Code 
(mw) 
80 yyesv 
100 YH70M 
300 KWwoaw 
Reverse Voltage 5V max. 
Table 5. Infra-red LED selection chart. 
— 
Type Isolation | Forward |DCForward|PeakForward | Power | Qutput | Stock 
Voltage (V) | Voltage (V) Dissipation | Current Code 
(ma) (mA) (mw) {ma} 
Opto 1500(DC)| 1-5 at 100 - 150 100 | wa70M 
Darl b=10mA ~ 
Isolator 
High Gain | 3,000 (DC)| _ 1-37 at 05 20 - 60 RASOP. 
Optatsolator -=0-5mA 
High Ve 7500(AC)| 1-15 at 10 - - - avaax | 
Optotsolator Ip=10mA. 
Opto Triac | 7.500 (Peaki] _ 1-3 at 30 60 - 100 | QquoL 
Isolator b=30mA, 
Opto Zero- | 7.500 (Peak)} 1-3 at 30 60 - 100 | RAS6L 
rossing -=30mA 
isolator L 
Low-Current - 13 i 50 150 50 evesc 
Optotsolator 
Dual Input 
High Gain 
Optotsolator 
Table 6. Opto-coupler selection chart. 


aration of 6mm between PCB tracks 
carrying mains voltages and the low 
voltage circuits. 

The second parameter is the current 
transfer ratio. This is the ratio between 
the transistor collector current and the 
LED current expressed as a percentage. 
It is measured in a test circuit similar to 
that in Figure 20b. The actual value can 
vary widely and so minimum and typical 
values are often quoted. 

Perhaps the most important applica- 
tion of infra-red LEDs is in fibre-optic 
communications. The principle is to con- 
vert electrical signals into pulses of light 
by means of some form of LED and pass 
these down a thin transparent fibre. The 
light remains trapped in the fibre due to 
the phenomenon of total internal reflec- 
tion discussed earlier. At the far end of 
the fibre a photo-detector converts the 
light back to electrical signals. The 
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Top view 


(e) 


Figure 20. Single transistor 
(b) Circuit to measure current transfer ratio. 
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opto-coupler. (a) Typical pin configuration. 


Adjusted so that 





Woe = 2-5V 

le 
Current transfer 
ratio = I¢X 
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process is obviously much more involved 
in practice and really deserves an article 
of its own! 

Low-loss optical fibres are manufac- 
tured from silica whose attenuation 
decreases with increasing wavelength up 
to about 1,500nm. Therefore although 
wavelengths of 820nm and silicon photo- 
detectors can be used, better perfor- 
mance can be achieved using special 
LEDs and detectors which have been 
developed to emit at 1,300nm. 


GHT 


Most people are familiar with the idea that 
light is a form of electromagnetic radiation. 
The complete range of electromagnetic 
radiation is known as the electromagnetic 
Spectrum. Figure 21 shows how the spec- 
trum is divided into bands according to 
the wavelength or frequency of the radia- 
tion. Each band is named according to the 
phenomena associated with it, although 
there is actually no fimdamental difference 
in the radiation. Visible light occupies a 
very small section of the spectrum between 
wavelengths of 400nm and 700nm. This 
section has been expanded to show the 
correlation between wavelength and our 
perception of colour. 

Like any type of electromagnetic radi- 
ation, light is a form of energy. It is there- 
fore possible to measure the output of a 
light source in the usual energy units of 
joules per second or watts. The science 
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frequency: 


0.01nm 


3x10 Hz 


Violet 


Yellow Orange 














400nm 


Figure 21. The electromagnetic spectrum. 


of measuring light in this objective way is 
known as radiometry. However, it is often 
the subjective effect of light that is of con- 
cern, and this depends on the response 
of the eye. Unfortunately this is anything 
but linear as can be seen from the stan- 
dard luminous efficiency curve for the 
eye shown in Figure 22. The eye is most 
sensitive to wavelengths of 555nm, cor- 
responding to green light, which is not 
very surprising as we have evolved in a 
world full of green plants! Either side of 
the peak the response falls away rapidly 
to zero at the wavelengths corresponding 
to the limits of visible light. 

The curve makes it plainly obvious why 
measuring light output in watts is not 
very useful. A source producing say 1W_ 
of light of 500nm wavelength would only 
be about a third as effective as a source 
emitting 1W at 555nm. To overcome this 
problem light measurements are often 
based on a unit of luminous power 
known as the lumen. At 555nm 1W of 
light radiation produces 680 lumens. 
However, at other wavelengths the con- 
version is modified according to the rela- 
tive luminous efficiency curve, so our 
source of 1W at 500nm only produces a 
luminous power of 680x0-33=224 
lumens. This branch of light measure- 
ment which takes account of human 
vision is known as photometry. 

A 6V 0:1A MES bulb has a light output 
of about 3 lumens. The electrical input 
power is 0-6W so the efficiency of con- 
version is 3/0-6=5lm/W, compared to the 
maximum possible efficiency of 680im/W_ 
at 550nm. The reason for this very poor 
efficiency is that much of the electrical 
power is converted to heat rather than 
light. Of the light produced, a large pro- 
portion is in the longer infra-red wave- 
lengths where the response of the eye is 
poor or non-existent. Houschold filament 
bulbs are slightly more efficient at about 
101m/W, while fluorescent tubes can 
achieve 70im/W. 

The luminous power falling on unit 
area ofa surface is called the illuminance 
and is measured in limens per metre 
squared or lux. Table 7 shows some typi- 
cal values under different situations. 
When designing a lighting scheme for a 
building the output of the light fittings in 
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Figure 22. Spectral sensitivity curve 
for the eye under good illumination. 


Light Source 
Moonlight 
GOW bulb at Im 
IW MES bulb at O-Im 














Fluorescent lighting 
Bright sunlight 





30,000 








Table 7. Typical values of illuminance. 


lumens and their arrangement is used to 
calculate the illuminance at the working 
area. This is compared with accepted fig- 
ures and the number or type of fittings 
revised if necessary. 500 lux is considered 
adequate for offices and classrooms 
whereas inspection of very fine detail may 
require 1,500 lux. 

For many light sources the output in 
lumens is not a very useful measurement. 
A car headlamp might have the same 
luminous power output as a household 
bulb, but there is obviously a difference 
in the concentration of the light. There are 
two ways of measuring this concentra- 
tion depending on the whether the light 
is coming from a point source or an 
extended source. 

A point source of light is one whose 
dimensions are small compared to the 
distance from the observer, such as an 
LED viewed from a normal distance. In 
this case all the light reaching the 
observer effectively comes from one point 
and the applicable measurement of light 





concentration is luminous intensity. This 


is defined as the luminous power in 
lumens divided by the solid angle 
measured in steradians in which the 
light is being emitted, and has units of can- 
dela. Solid angles are a sort of three- 
dimensional form of a normal angle and 
measure the spread of the light. One ster- 
adian represents the spreading of the light 
from a source at the centre of a sphere 
of radius 1m over an area of 1m* on the 
surface of the sphere. For most light 
sources the luminous intensity is also a 
function of the direction of view, and 
this information is usually presented as a 
graph or polar diagram. This is discussed 
further in the section on selecting an 
LED. 

In an extended source the area of the 
source becomes significant. The appro- 
priate measure of brightness in a certain 
direction is then the luminance, which is 
defined as the luminous power in lumens 
divided by the solid angle in steradians 
and by the projected area of the part of 
the emitting surface being considered. 
Units are therefore lumens per steradian 
per metre® or candela per m*. A perfectly 
diffused source will have a luminance 
that is the same whatever the direction 
from which it is viewed. However, the 
luminance of most practical sources 
varies according to the angle of view. 

T hope this three part series has been 
of interest, and that the product infor- 
mation and ideas have been useful. All: 
the parts mentioned are available from. 
Maplin by quoting the Stock Codes men- 
tioned. Given the amount of space, it is 
always difficult to fit in all the information 
about every device, so always refer to 
your Maplin Catalogue for a wider and 
more comprehensive selection of LEDs, - 
Optoisolators and Infra-red Transmitting 
devices! 
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Viee 





FEN Servicing a piece of electronic 





@ vacuum Cleaner, or even the car, 
a continuity tester is most essential, Until a 
few years ago, | used to use the low ohms 
Tange cn a muitimeter, and many readers 
probably do the same. However, an audible 
indicator is often more convenient. for 
instance In car maintenance when delving 
into the Innards of the works under the 
bonnet, since the tester can be perched 
wherever convenient, rather than having 
to be within view. Continulty testers of this 
‘sort have been available for longer than 
I.can remember, but some of them are 
in fact less useful than one might think. 
For instance; In the case of an electrical 
machine, one usually wants assurance 
that a connection Is really sound, le. has 
a resistance of much less than an ohm: 
the same goes for car work, and even for 
electronics, where a poor sianal earth 
connection on a Hi-Fi amplifier can be 
responsible for hum problems. 

Some continuity testers will indicate 
a connection a5 Good, even if it has a 
resistance of several or many ohms. 

This ts misleading at best, and in many. 
circumstances worse than useless; a good 
continuity tester should indicate clearly 
whether a connection is well under 1Q or 
not. The project described below does just 
this; and also provides useful information 
at the other extreme — Indicating leakage 
In the range 1 to 10MQ. In fact, used as 
described later in the article, it can check 
out a multiway screened cable, say, ora 
rack backplane, in less than half the time 
Needed to test it using separate leakage 
and continuity testers. It achieves this 

by an ingenious arrangement of several 
overlapping bridge circults, The Wheatstone 
Bridge Is one of the earliest and still a 
fundamental example of the arrangements 
used in electrical measurements. 

This project owes its advanced 
performance to the use of the latest 
UnCMOS" tech (UnCMOS™ Texas 
Instruments), the TLC27L4CH quad op: 
amp featuring exceedingly low bias current. 
This enables It to work from a source 
impedance of 1MQ without incurring offset 
errors. In addition to testing for continuity 
and leakage, the completed unit checks 
components of all sorts both passive 
and active, and Is safe to use on all 
normal semiconductor devices. Itis 
protected against accidental connection to 
voltage sources up to and including 240V 
AC mains, and is unlikely to be Inadvertently 
left switched on thanks to its ‘watchdog’ 
function. This, together with minimal current 
consumption, ensures exceptionally long 
battery life. 


IMPORTANT NOTE: 


Thies project (s a general-purpose test instru- 
ment for checking ity and jeakege. 
{s not designed to test earth continuity, earth 
foop impedance of insulation on 250V AC 
mains installations Systems or equipment for 
‘compliance with Bntish IEE Wiring Regulations, 
nor on installations systems or equipment for 
ths of any other mains voltage for compliance 
wath any other Specifications or regulations. 

The intemal 160mA F fuse protects against 
permanent damage due to accidental com 
nection to DC of AC sources up to 240V. 
Instrument operates to Specification after fuse 
replacement. 
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The Wheatstone Bridge 


This instrument was invented by Sir Charles Wheatstone, who was born in Gloucester, 
in 1802, and died in Paris in 1875. Whilst still a minor, he set himself up in London as 
@ maker of musica! instruments, and in 1825 attracted scientific attention with a paper 
in the ‘Annais of Philosophy’ entitled New Experiments on Sound, followed by many 
other papers. As a professor at King’s College London, in 1836 he exhibited 
experiments demonstating the velocity of an electric current, leading to a joint patent 
with W. F Cooke for an electric telegraph. Elected an FRS in 1856 and knighted in 
1868, he is remembered first and foremost for the ‘bridge circuit’ named after 

him. The Wheatstone Bridge enables an unknown resistance to be measured by 
comparison with 2 known standard resistance, even though they may be of different 
values. The scheme depends upon the remarkable uniformity of drawn wire, not only 
the mechanical properties such as diameter, hardness etc. being constant along its 
length, but also its resistance. 

The basic Wheatstone arrangement is shown in Figure 1, where P and Q are the 
lenaths of wire either side of the tapping point leading off to the galvanometer. Due 
to the uniform resistance per unit Jenath of the wire, when the ratio P/Q = S/R there 
is no potential difference between the terminais of the galvanometer, and hence no 
deflection — the bridge is said to be ‘at balance’. Knowing the lenaths P and Q (their 
actual resistance does not need to be known) and the value of the standard resistance 
5, the value of the unknown resistance R is determified. To achieve the high degree 
of accuracy of which the arrangement is capable, thanks to the great uniformity of the 
wire, a considerable length of it is needed, so that the distances P and Q can be 
measured with very high resolution. 

It as later realised that if the battery were replaced by an audio frequency generator 
and the galvanometer by a sensitive earpiece, the arrangement would work equally 
well. Furthermore, it was now possible to measure inductors or ‘condensers’, by 
using a known inductor or capacitor respectively at S. With this arrangement, the 
exact frequency of the audio generator did not need to be known. Later versions of the 
bridge enabled other arrangements to be used, €.g., an inductor could be measured 
using a capacitor as the standard, though in this case a good, pure sine source was. 
necessary, a5 was a knowledge of Its frequency. Indeed, one version (the Wien Bridge) 
was designed to measure not the value of a component, but rather the frequency of 
the AC source. 


P and Q may consist of a single 
length of resistance wire with an 
adjustable tapping point for the 
Galvanometer. P and Q in the 

equation are then the lengths of 
R resistance wire either side of the 


| |Unknown topping. 
resistance 


(ls Standard 
resistonce 





At balance (no deflection on galvenometer): r-Ss 


Figure 1. Circuit diagram of Wheatstone Bridge. 


The assembled PCB 
showing the mounted sounder. 
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Circuit Description 

In addition to Figure 2, the block diagram 
Figure 5 shows the full circuit diagram of 
the Discriminating continuity and leakage 
tester, at first sight it seems rather complex. 
However, depending upon the resistance 
across the test probes, only the relevant 
Part of the circuit operates, so the workings: 
Gan be explained Section by section: 


Leakage Measurements 


The operation of the leakage detection 
Cirquitty, uses a bridge which consists of 7 
5, Qand R. Where Ps 1M (Rl), Sis 1M 
(R11), Q is 1-:018M which comprises of 
1M (R13) plus 18k (R14), and R’ (133M) 
which consists of R (630k R4 and 1M R5) 
in parallel with the resistance across the 
test terminals. When the test leads are open 
ruit, the non-inverting (Mi) input of IC1B 
§S positive-with respect to (WRI) its inverting 
input and therefore its output is at +9V so 
that TR1 Is off, and the oscillator formed by 
IC2A and IC2B cannot run (being inhibited 
Via diode D5). Furthermore, via R8 the 
inverting (|) input of IC1A ts positive WRT 
iS MI Input, so its output &s at OV, connecting 
R12 in parallel with Q (R15 plus R14) and 
Gepressing the voltage at the [il input slightly. 
If the resistance across the test leads falls 
to about MQ, the voltages at the | and Ni 
inputs of ICLA become equal, and its output 
voltage begins to rise. Fositive feedback 
Va R12 causes it to flip up momentarily 
to +9V, which charges up C2 via R15 and 
D5. This causes ICA output to fall back 
to OV, where it remains until C2 discharges 
Sufficiently via R8 for the action to repeat. 
The result is a series of clicks from the 
piezo sounder B21 which Is driven by IC2C 
and IC2D, the former being enabled on pin 
8 since the output from IC1D is at +9V. 
As the resistance across the test leads falls 
below SMQ, the clicks merge first into a, 
burp — then into a tone which rises higher, 
teaching a maximum with a resistance of 
about 50kQ across the test leads 


The Power-up Bridge 

For resistances below about 50kQ, the 
leakage bridge runs out of discrimination, 
simply producing its maximum frequency 








for which TRL 





the 


s 


jeakage tone, So the SOmV at IC1B's | input 


IS modulated by the switching action of 


ICIA via R12 and R13. 


proportion of the time 


ICIA is still running, producing the high 
When the resistance across the test leads 
has fallen to a little under 8Q, the voltage at 


tests leads falls below 9kQ. Meanwhile, 





r, this 


with FR4 and R5). When 
R falls to about Sk, the power-up bridge: 
is in balance and the inputs of IC1B are at 
the same voitage. Its output starts to fall, 
tuming on TRL, which powers up the bridge 
by supplying about 10mA to the external 


arcuit via R2, Fl and R5_ 


leads (9 parallel 
raises the voltage at the Nl input of IC1B, 
which therefore tums TRI off aaain, the 
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Figure 3. Circuit diagram of the Discriminating 
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Figure 4. Graph showing frequency of tone versus resistance value. 


{C1B’s Nil Input is lower than 8OmV, even 
with TR1 hard on permanently. The power- 
up bridge now consists of F Q, S (R2 
8209) and the extemal circuit, and It is out 
of balance such that TR1 is on permanently, 
‘since IC1B's output Is stuck low. This 
removes the clamp via D3 from the 
‘oscillator IC2A, IC2B, which therefore 
commences to run. 


Continuity Measurements 


For values of resistance across the test 
leads of about 8Q down to 39, the high 
Jeakage tone continues to sound as before. 
At this point the continuity bridge comes 
into play, where P is 350kQ (R4), Q is 1MQ 
(R5), S is 10 (RS) and R ts the resistance 
under test. IC1C \s arranged to amplify 

the degree of bridge unbalance, since the 
bridge output is so small; when R = 30 
the bridge Is in balance with the voltage 

at point Y (the junction between R4 and 
R5), equal to that at point X (the junction 
between R3 and R6), whilst when R = 00, 
point Y is a mere 7 SmvV positive WRT X. 
On the other hand, the corresponding 
voltage change at IC1C’s NI input is 
22°SmV, so that the common mode input 
fs much larger than the wanted change In 
bridge output voltage. 

At3Q, the continuity bridge approaches 
balance, so the output of IC1C starts to rise 
from zero, towards +9V The gain of IC1C is 
Setat about x 820, the ratio of the effective 
negative feedback resistor at IC1C’s | input 
to R6 — due to the ‘tee’ attenuator network, 
19/20/21 are equivalent to a single 
B20MQ resistor, The output of IC1C is 
applied to the lower end of one arm of a 
bridge comprising R24, R52, R34 and R37 
When the output of IC1C rises sufficiently, 
the voltages at the Inputs of ICD approach 
equality, and it commences to oscillate in 
exactly the same way as described earlier 
for IC1A. As Soon as ICID starts to oscillate, 
its first negative going edge tums on TR4 
which in tum charges up C8 and tums on 
TRS. Via R27, this pulls the | input of IC1A 
well below its NI input, inhibiting the leakage 
tone and leaving input A of gate IC2C 
enabled. 

The 3Q threshold for R at which IC1D 
commences to oscillate is set up by 
injecting an offset from RV1 into the Ni 
input of ICLC via R18. To avoid the offset 
injection interacting with the large common 
mode input into ICLC, the offset is injected 
Via an auxilary bridge, where the ratio of 
R18 to the resistance seen looking into 
point ' is equal to the ratio of R19 to Ré. 


2 








The offset injected via the auxiliary bridge 
's obiained from the bias bridge R22, 
R25, R51 and RV1, the voltage applied to 
which is stabilised by D7. Thus ail told, the 
Instrument incorporates no less than 'six’ 
bridge circuits) 


The Warble Tone Oscillator 


With the continuity bridge fully powered 
up, IC1B output is at OV, so D3 ts reversed 





biased, allowing the warble tone oscillator 
IC2A IC25 to run This it does at about 
4fz, with an asymmetical mark/space ratio, 
Since on one half-cyce, G is charged via 
R17, whilst on the other its discharged 
Via R17 and Ri6 in parallel. When the 
resistance under test (RUT) equals 32, 
ICID can only oscillate when the output 

of IC2B Is low, pulling down the threshold 
at IC1D's Mi input via R25: Thus the piezo 
sounder B21 emits bursts of a very low 
frequency tone with short gaps In between. 
As the value of the RUT falls, the pitch of 
the interrupted tone rises, C8 keeping TRS 
bottomed and hence the leakage tone 
oscillator [CLA muted during the gaps. 
When the RUT falls to about 1-5, by 
Which time the pitch of the interrupted tone 
(the “dashes’) has risen to a middiing vaiue, 
the output voltage of IC1C has reached a 
point where IC1D can oscillate (at a low 
frequency) even when the output of the 
warble tone oscillator at \C2B is high. Thus 
there are now middiing pitched dashes 
interspersed with low pitched dots. As the 
RUT falls Below one ohm, the pitch of both 
dashes and dots rises, the former being the 
higher, as indicated in Figure 4. As with the 
leakage tone, so with the continulty tones: 






































Figure 5. PCB legend and track. 





Electronics — The Maplin Magazine March 1995 


as the RUT falls so their pitch tends to level 
off at some maximum value. The circuit 

15 SO afranged that this happens to the 
ashes tone first, so that about RUT = 
150mQ (milli ohms) the dots tone catches 
up, whilst when the RUT equals zero, the 
dots tone is actually higher than the dashes 
tone. Thus with practice, the sound the. 
instrument makes will indicate to the user 
the approximate resistance between the 
test leads anywhere In the range 0 to 5Q. 


The Watchdog 

One problem with battery Instruments is 
that all too often it is found, when they are 
required for Use, that they are inoperative, 
due to an exhausted battery. Usually, the 
reason Is that they have been inadvertently 
left switched on. Incorporating a pilot light is 
hardly a sensible move, due to the current 





it would draw, but this instrument solves 
the problem by making use of the piezo 
Sounder to draw attention to itself. If the 
Continuity and leakage tester 5 left 
Switched on but not in use, It will emit 

a characteristic chip tone every twelve 
seconds or thereabouts. C6 charges up 

Via R55 until the voltage at TR2’s emitter 
exceeds that at Its base, whereupon TR2 
and TRS act as a programmable unijunction 
transistor, momentarily conducting heavily 
and discharging C6 aaain. Via D6, G i aiso 
discharged, effectively arounding the right- 
hand end of R26. This activates the leakage 
tone oscillator ICLC, whose pitch falls as GS 
charges up again through R26, resulting in 
a characteristic down-chirp, and alerting the 
user that the instrument is still switched on. 
Whenever the instrument ts actually in use, 
indicating either continuity or leakage, C6 is 


Figure 6. Box driling. 
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Tepeatedly discharged via D8, disabling the ) 
watchdog chirp both during use and for 12 
seconds afterwards. 

Protection 

The continuity and leakage tester is 
designed for use on ‘dead’ circuits, |e. 
‘on Grcuits which are not powered up. 
Nevertheless, the instument is protected 1 
against connection to live voltage sources, 

even AC mains, by virtue of its desian. + 
If the voltage at the test leads substantially 
exceeds +15, then the fault current 
through D1 and D1 will blow the LOOmA, 
fast acting fuse F1, Similarly, the fuse will 
be blown by a negative voltage causing fault i 
current via D2. This still leaves the MI Input 

of ICLB and both inputs of IC1C connected 

to the input, but the series resistors R4, R6. 

and R7 are so high that the current is 


DISCRIMINATING 
CONTINUITY 
METER 


Figure 7. Front panel label, enlarge by 50% 
to obtain full size. ° 


limited to 2 value that can be handled by 
the device's internal protection circuitry. 
Thus the instrument will sustain no 
permanent damage from connection to a 
live source, though replacement of F1 will 
be necessary to restore normal operation. 
Note that when replacing the fuse F1, 

it s essential to use an exact replacement 
rated for 250V AC mains operation. 

if a fuse desianed for use on low voitage 
Grauits is used, then if the unit is accidentally 
connected to the mains, the fuse may 

fail to clear the fault; it will open, but can 
sustain an arc, resulting in a fault current 
which must then be cleared by a fuse 
within the mains circuit itself This can 
result in permanent damage to many 

of the components within the instument. 


Construction 


The PCB has a printed legend that will 
assist you when positioning each item, see 
Figure 5. As all components are mounted 
on the PCB, construction is straightforward. 
However, it is essential to make sure that 
all components are inserted in their correct 


23 








locations and that polarised components 
Such as the various diodes and C9 are 
fitted the right way round; mistakes can be 
costly to rectify, Use resistor or diode offcuts 
for links on the board. The order of fitting 
the components is not critical, but it is 
Most Convenient to mount the smaller 
Components first, and then the IC sockets, 
do not fit the ICs themselves until assembly 
of the PCB is complete. The board should 
be given a final check-over with an eyeglass, 
jooking for solder splashes between tracks, 
dry Joints or other possible problems. When 
you are sure all is well, fit the ICs into their 
Sockets. 


Box Drilling 
To complete the project: the drilling details 
of the case are given in Figure 6. 

The front panel label (KP78N), which is 
Included In the kit, is shown In Figure 7. 

The exploded assembly details are shown 
in Figure 8, when complete, offer the unit 
up to the case. 


Testing and Setting Up 
There are two sockets red and black, and 
for most purposes these will be adequate 
for the two test leads, but an optional 
ground lead (B2225A) as shown in Figure 
9 can be connected if required. 

Potentiometer VRI should be set initially 
at mid travel. Fit a new OV PPS battery, 
switch on, and wait. The unit should emit a 
chirp every 12 seconds or so. Now connect 
23°30 resistor across the leads and adjust 
RV1 so that the high leakage tone is. 
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replaced by low dashes, then back RV1 off 
‘so that the dashes are just replaced by the 
high leakage tone. No other adjustments 
‘should be necessary, although it will be 
useful to find out just how high a resistance 
just causes the leakage tone to sound. This 
can be determined roughly with the aid of 
various Standard resistor values in the range 
1 to 10MQ. Déspite the use of 1% resistors 
throughout the circuit, some unit to unit 
variation can be expected, but a low 
Pitched leakage tone should appear 
at somewhere between 2 and 8MQ. 

The test current is LOmA when the 
resistance of the circuit under test is 8O 
or Jess. When the resistance of the circuit 
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Under test 5 over 9kQ, the test source 
looks like +4V behind 570kQ. When 
the resistance of the circuit under test Is 
between 8Q and 9kQ, the average test 
current is such as to drop 8OmV across 
the circuit under test. Maximum power 
dissipated in circuit under test is less than 
ImW when the resistance of the circuit 
under test is less than 8Q and less than 
1QUW when the resistance of the circuit 
under test is Greater than 9kQ. With a 
100kQ resistor-a high clear tone is emitted, 
and when the leads are shorted together 
@ characteristic warble tone is emitted. 


Using the Continuity and 
Leakage Tester 


NOTE: HCT, MCT, LCT means high, medium 
or low continuity tone. HLT, MU, LLT means: 
high, medium or low leakage tone. 


Contindity Indication 

Warble tone of aitemate dots and dashes. 
Pitch indicates resistance in range 0 to 3. 
approximately, 


Leakage Indication 
Steady tone, Pitch indicates resistance in 
Tange 52 to 3MQ. approximately. 


On Indication 

Momentary chirp tone once every 12 
seconds approximately. Inhibited during 
Continuity or leakage tones and for 12 
second afterwards, 


Simple Continuity and Leakage 
Tests 

Using the test leads, a good connection 
will produce HCT, similar to the sound with 
the two leads touching: the dats are higher 
In pitch than the dashes. If the dots 

and dashes are of the same pitch, the 
resistance Is in the range 100 to 250mQ. 
(milli ohms). At higher resistances, the 

dot pitch Is lower or even zero. As the 
resistance approaches 5, the dash pitch 
falis to zero and Is replaced above 32 by 
the steady HLT. At higher resistances still, 
this falls, reaching zero at approximately 
SMQ, see Figure 4. 


Simultaneous Continuity and 
Ground Leakage Checks 


When testing a multiway cable with overall 
‘screen, 2 backplane In a rack or shelf etc., 





Black 4mm 
test Jecd 
BZ23A 





Continuity meter 





Block 4mm 
cracedite clip 
HF23A 


Stackeble 4mm plugs 
UMOOA.IM45Y 


Figure 9. Wiring diagram to 
include optional 3rd lead. 





connect the optional lead to the screen or 
sheif metalwork. Check continuity of each 
connection in tum, taking care to connect 
the red test lead to one end of a run 
Defore connecting the black test lead to the 
other end. Any leakage or short to ground 
will then be indicated by the leakage or 
continuity tone respectively. Then complete 
the test by connecting the black test 

lead to the other end of the run-to check 
its continuity. Thus continuity checking 
also accomplishes ground fault checking 
simultaneously, with no extra time or effort 


Component Testing 

Nearly all components can be checked 

qualitatively as ‘good’ or ‘bad’. In the case 

of resistors, the approximate value can 

often be estimated by reference to Figure 4. 
Capacitors. On connecting the test leads 

across a Capacitor, the following effect is 


produced: 

AnF — dick. 10nF — brief chirp. LOOnF — 
pronounced downward chirp. 1uF — chirp 
lasting about 1-2 seconds, 1QuF — leakage 
tone gradually falling. For tantalum and 
modem aluminium electrolytics, the tone: 
will fall to zero. Older aluminium electrolytics 
May ‘stick’ at LLT. 

Discrete semiconductors of all types, 
diodes, bipolar transistors, FETs, SCRs, 
Darlingtons, LEDs, Triacs etc, can all be 








checked. Forward junctions e.g., red test 
Jead to base of an NPN transistor and black 
to emitter, will result in HLT; biack lead to 
collector likewise. Reversed biased 
Junctions including silicon diodes and most 
LEDs will result In silence. For germanium 
diodes, expect silence, LLT or even MULT, 
‘according to type and rating. Note that 
many Darlingtons have a built-in base- 
emitter resistor, so expect ALT for this 
Junction both ways round. Also expect HLT 
between collector and emitter one way 


RESISTORS: All O:'6W 1% Metal Film (Unies specified) 


R1,5,6,7,8,11 
13,32,59,41 


RO,34 
R10,21,28 
R12,16,19,55,56 10M 
14,50 18k 
R15,27 220k 
R17 5M5 
Ris 247 
R20 M2 
R22 1k8 
R235 4K7 
R24 820k 
R25,26,38 470k 
R29 680k 
R51 10k 
55,37 180k 
Ra. 2M2 
Ra2 1M5 
RVL 

Test Resistor 


CAPACITORS 
C15 

@ 

S 

a 

ins} 

@ 


3352 


47nF Polyayer 

Sn5F Polylayer 

22nF Polyiayer 

27pf Ceramic 

470nF Polylayer 
6n8F Folylayer 

3B 100nF Folyiayer 

[a] 10uF 16V Electrolytic 


SEMICONDUCTORS 

12 inaco2 
DS-9 1N4148 
Dio Bay C15 
TR1,2,4 B59 
R55 Bo49 

{cL TLce7Lacn 
2 HCF401 1BEY 
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10k Horzontal Enclosed Preset 


VA SPDT Slide Switch 
PCB Piezo Sounder 

PCB Socket Red (4mm) 
PCB Socket Black (4mm) 


10 (mam) 


(M820R) 
(MR) 


PCB 


OPTIONAL (Not in Kit) 


Ub eT UU 


pee 





20mm Fuse Clip Type 1 
100m<A Fast Acting Fuse 
Plain HH2 Box 

Test Leads 

PP5 Battery Gip 

Front Panel Label 


Instruction Leafiet 
Constructors’ Guide 


Patch Cord Black (100cm) 
Crocodile Clip Black (4mm) 
QV PPS Alkaline Battery 


ae” 


| 


found due to the Darlington’s bulttin 
Inverse collector-emitter diode. 

Other components. The tester can also. 
be used to check bulbs, loudspeakers, relay 
coils and contacts, chokes, inductors and 
transformers (including winding to winding, 
screen and frame/clamp leakage). 


Production Testing 
For simplified continuity testing on the 


production line, warble tone = pass, 
anything else = fail. 


Maintenance 
Protect the instrument from damp, do 
not drop or immerse In liquids. Use only a 
good quality battery and remove it when 
exhausted, or a5 indicated by faint tones, 
The internal fuse may blow if the test 
leads are connected to an AC voltage 
source, or to a DC voltage source negative 
WRT ground (GND), or to a_positive source 
in excess of about +15V WAT ground (GND). 
Before attempting to replace the fuse, 
@sconnect the instrument from any external 
ircuit. Access for fuse replacement is by 
removing the top half of the case, which is 
secured by four screws accessible from the 
fear of the instrument. Use only L0OmA F 
20mm quick acting fuses to B54265 or 
1EC127 standards, €.g., (Z73Q). 


(Fvo1B) 
GH24B) 
UP22¥) 
UP20W) 
(Fi24B) 

(wrigoD) 
(273Q) 
8165) 
(FR21x) 
(HF28F) 
(KP78K) 
(orn) 


(xv250) 
r1791) 


PCB Pin (Imm). 


(825A) 
(HF23A) 
(529) 


The Maplin 'Get-You-Working Service is available for 
this project, see Constructors’ Guide or current 
Maplin Catalogue for details. 


The above items (excluding Optional) are 
available as a kit, which offers a saving over buying 
the parts separately. 

Order As LT78K (Discriminating Continuity and 
Leakage Tester) Price £19.99 
Please Noie: Where ‘package’ quantities are 
stated in the Parts List (e.g., packet, strip, reel, eic.) 
the exact quantity required to build the project 
will be supplied in the kit. 


The following new items (which are included in the kit) 
are also available separately. 
Discriminating Continuity and Leakage Tester PCB 
Order As GJO7H Price £3.69 
Discriminating Continuity and Leakage Tester 
Front Panel Label Order As KP78K Price £2.29 
F100mA 20mm Quick Acting Fuse (BS4265 IEC127) 
Packet of 10 Order As CZ73Q Price £1.70 
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sistor Transistor Logic) had become 
7 the defacto standard way of building 
electronic circuits. A wide range of MSI 
(Medium Scale Integration) devices were pro- 
duced to try and keep pace with quickly 
changing markets, and almost all electronic 
systems were being designed and built with 
them. Unfortunately, designing with TTL had 
a number of shortcomings that couldn't eas- 
lly be solved. For example, even a small design 
change would require a large number of cut- 
and-straps, and possibly even a new PCB 
(Printed Circuit Board). With modifications in 
mind, engineers began designing boards with 
gates (and sometimes whole devices) unused 
in order to pre-empt the problems associated 
with hardware revisions. Buyers, trying to con- 
trol their stock levels, objected to the increas- 
ing range of devices being specified by their 
design departments and projects would invari- 
ably slow down as design cycle times increased. 

One solution to some of TT's more 
onerous problems was to use PROMs 
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JF the middle of the 1970s, TTL (ran- | 








(Programmable Read Only Memories) instead 
of large sections of asynchronous logic. Prior 
to this, the most common use for PROMs 
was in the computer industry where they were 
often used to hold program code or lookup 
tables. Using PROM in a general logic design 
Was a novel concept and although it was 
highly inefficient in terms of silicon, they had 
several big advantages over TTL Firstly, a 
single PROM could replace several TTL ICs 
making designs smaller and more efficient. 
Secondly, a design change might only require 
the designer to alter the contents of a PROM 
instead of having to redesign or rebuild a sec- 
tion of the PCB. However, like TTL, PROMs 
had some serious drawbacks: the devices 
were too expensive and they often contained 
more functionality than the designer really 
needed. 

Having identified the advantages that pro- 
grammable logic could offer over TTL several 
companies tried to develop new PLD 
(Programmable Logic Device) architectures 
that had none of the drawbacks of PROMs yet 








retained all of the benefits. These new devel- 
opments fell into two groups: the PLA 
(Programmable Logic Array) and the PAL 
(Programmable Array Logic.) 

Both structures contained a programmable 
AND array that generates product terms 
followed by a programmable OR array that 
generates sum terms — see Figufe 1. This 
sum-of-products architecture is extremely flex- 
ible because any logic function of a fixed num- 
ber of inputs can be expressed in this fashion. 
The PLAPAL manufacturer also has the 
option to incorporate other features (such as 
flip-flops for example) that PROM manufac- 
turers were not about to offer. However, the 
PLAS fully populated programmable OR array 
tended to be slower and more expensive than 
the PAL's sparsely populated equivalent and 
designers often found that the PAL’s cost and 
speed benefits usually outweighed the slight 
loss of flexibility. Of all the small PLD archi- 
tectures, the PAL has proved over the years to 
be the most popular and continues to replace 
discrete TTL solutions today. 

One of the most successful variations on 
the PAL theme was the 22V10 device invented 
by Advanced Micro Devices. The 22V10 dif- 
fered from ordinary PALs in that it had a vary- 
ing number of product terms for each output, 
and a programmable /O (Input/Output) struc- 
ture. The programmable I/O meant that 
although 12 of the device's 22 pins could only 
be used as inputs, the other 10 pins could be 
configured as inputs, outputs or as bidirec- 
tional signals. Further, these pins could be set 
up as direct or registered connections and 
had the option to connect back into the AND- 
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Figure 1. Common configurations found in PLA and PALTM programmable logic devices. 


OR array, These features made the 22V10 the 
most generic logic device so far and com- 
panies started using them as their standard 
device for logic design. 

However, despite their flexibility and ease of 
use, PLDs had two main weaknesses that 
made them less attractive than other custom 
logic solutions such as gate-arrays or standard 
cell devices. Firstly, a PLD could only replace 
a handful of TTL ICs whereas gate-arrays or 
standard cell devices could replace hundreds. 
Secondly, because of their bipolar fuse-link 
technology, PLDs consumed even more 
power than the TTL devices that they were 
supposed to replace. 

Various manufacturers tried to address 
these problems by considering an alternative 
fabrication method known as CMOS EPROM 
(Complementary Metal-Oxide-Silicon 
Erasable PROM) and although these devel- 
opments resulted in better PLDs, they still 
offered lower densities and consumed more 
power than existing gate-array and standard 
cell solutions. 

The main problem facing designers who 
wanted to use custom logic devices was that 
they would only become economic as pro- 
duction quantities increased. The initial capi- 
tal outlay required for the software tools and 
mask charges (combined with the additional 
burden of designing extensive test logic) 
tended to make custom logic solutions some- 





what risky. In order to minimise this risk, 
designers had to spend long periods of time 
going through the design/simulate/revise cycle 
in the hope that the flaws in their design could 
be detected before they committed them- 
selves to massive production runs. The long 
development times, high development costs 
and commitment to long-term production 
agreements tended to make custom logic 
little or no choice for those applications requir- 
ing a high degree of integration, low power 
consumption and low to medium quantities. 

It wasn't until the mid-1980s that the situ- 
ation began to change as two new devices 
appeared that offered some altematives in the 
high density programmable/custom logic 
marketplace. A new company, called Altera, 
launched its EP range of EPLDs (Erasable 
PLDs) that combined a PAL-like intemal struc- 
ture with the latest CMOS EPROM technology. 
‘The larger EP devices could integrate several 
PAL and TTL ICs and were often found in 
power or space sensitive applications where 
they out-performed the existing PAL/TTL solu- 
tion. The Altera software also broke new 
ground in that it permitted the designer to 
use both the time-honoured text-based PAL 
programming language PALASM (PAL 
Assembler) and the very latest CAD 
(Computer Aided Design) tools such as 
schematic capture packages. This combina- 
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VOLUME 
Figure 2. A comparison of the custom/programmable logic alternatives. 





























tion of technology and ease-of-use made 
Altera's EPLDs very successful and other com- 
panies have mimicked their architecture in 
their own programmable logic products. 

The other device that appeared at roughly 
the same time was the FPGA (Field 
Programmable Gate Array.) These new 
devices applied CMOS SRAM (Static Random 
Access Memory) technology, widely used in 
the microprocessor market, to the program- 
mable logic market and used a new type of 
architecture that more closely resembled gate- 
arrays than PLDs. This new approach yielded 
logic densities that were much higher than 
those available using PLDs and EPLDs but still 
werent quite as high as those associated with 
custom logic. However, FPGAs could be 
manufactured using a relatively inexpensive 
standard CMOS process and offered mark- 
edly lower power consumption than both 
PLDsEPLDs and custom logic devices. Today 
Xilinx Incorporated, the inventor of the FPGA 
concept, has three families of FPGAs and one 
family of EPLDs and has remained the FPGA 
market leader ever since it was founded in 
1984. 

Figure 2 shows how the various types of 
customYprogrammiable logic devices fit into 
the production marketplace. Although PLDs 
can be obtained cheaply in almost any quan- 
tity, they cannot be used in applications that, 
require a high degree of integration. The exact 
reverse can be said of gate-arrays and stan- 
dard cell solutions — for example these devices 
can only be obtained cheaply in large quan- 
tities and are only economic in,designs that 
require large gate-counts. It can be seen then 
that FPGAs and EPLDs fit nicely into the_ 
remaining gap and offer the designer the 
opportunity to combine high levels of in- 
tegration with low-to-medium production 
volumes. 


Xilinx Field Programmable 
Gate Arrays 

All Xilinx FPGAs are based on an architecture 
known as the Logic Cell Aray™ (LCA) which 
is a similar structure to that found in most 
gate-artay products. An interior matrix of 
Configurable Logic Blocks (CLBs) is sur- 
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rounded by an outer ring of VO Blocks (IOBs) 
and the space in between is occupied by inter- 
connect resources — see Figure 3. 

Each CLB is capable of implementing a 
small amount of logic and contains a pro- 
grammiable function generator and either one 
or two D-type flip-flops. Figure 4 shows how 
the CLB is arranged internally. Each IOB is 
attached to an external package pin and can 
be programmed independently to be a regis- 
tered, latched or direct input, output (with 
3-state control) or bidirectional signal. Figure 
5 shows the internal arrangement of an IOB. 
The interconnect consists of a network of 
metal tracks that run horizontally and vertically 
in the rows and columns between the CLBs 
and IOBs. Programmable switches allow con- 
nections to be made to the interconnect, and 
cross-point switches at row, and column inter- 
sections allow signals to be switched from one 
path to another. Long lines run the length and 
breadth of the chip, bypassing the inter- 
changes, to provide distribution of delay or 
skew critical signals. Finally, each CLB has a 
dedicated set of short metal tracks that allow 
it to pass signals to adjacent CLBs and IOBs 
with minimum delay — see Figure 6. 

Xilinx supply the designer with a set of soft- 
ware tools that are capable of taking a design 
(entered at a desktop PC or workstation) and 
translating it into the configuration information 
required to program the FPGA. This ADI 
(Automated Design Implementation) software 
performs three main functions. First, the 
design is split-up into sections that are small 
enough to fit into individual CLBs —a process 
called partitioning. Second, the best possible 
location for each CLB is chosen in order to 
make inter-CLB connections as short and as 
fast as possible, placement. Finally, the soft- 
ware will make all of the required intercon- 
nections by routing the design. 

Xilinx have three families of FPGAs that 
offer the designer the degree of integration 
applicable to his design. Of the three groups 
the XC2000 family is the simplest and con- 
tains two members — the XC2064 and the 
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Figure 5. The intemal layout of an /O block (XC3000). 
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Figure 6. A sample of Xilinx FPGA routing services. 


XC2018. XC2000 family CLBs are simpler 
than that shown in Figure 4 as they only con- 
tain one flip-flop and have a single function 
generator capable of taking up to four inputs. 
The XC3000 family contains five members 
and are the most widely used FPGAs in the 
electronics industry. (Note that Xilinx have 
recently introduced the XC3100 family which 
is an enhancement of the XC3000 family and 
contains six members.) The XC4000 range of 





FPGAs contains fourteen members and 
offers higher levels of integration than the 2K 
and 3K families, 

The XC4000 devices contain both user pro- 
grarnmable logic and dedicated logic func- 
tions (such as fast carry logic, wide decoders, 
static RAM etc.) which reduce the burden on 
the general-purpose resources and result in 
faster, more compact designs. Table 1 shows 
how the various devices compare. 

















Table 1. A comparison of the three families 
of Xilinx FPGAs. (* Note: Conservative figures 
only.) 
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"Figure 7. The Xilinx design flow (XC2000 and XC3000 famillies). 


Designing with Xilinx 
FPGAs - The Software 

The Xilinx software is intended for use with one 
or more third party design entry tools, such as 
schematic capture packages, simulators or 
HDLs (Hardware Description Languages). 
Most designs will contain sections that have 
been entered using different tools, and the 
first stage in the Xilinx design flow is to merge 
these elements together into a single com- 
mon format called Xilinx Net-list Format 
(XINF). To achieve this, Xilinx sell a wide range 
of translators that convert a third party’s own 


netlist format into XNF for processing by the _ 


Xilinx development tools. This approach 
allows designers to continue using familiar 
tools, removing the need to learn about other 
CAD-packages. Figure 7 shows the various 
processes that are applied to a design once 
the designer invokes the Xilinx ADI tools. 

Since most designs are divided into sec- 
tions, and not all sections are produced with 
the same design-entry tool, the appropriate 
translator must be applied to each section to 
produce a corresponding XNF file. These XNF 
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files are then merged using a program called 
| XNFMERGE to produce a single XNF file that 
| describes the whole design. At this stage the 
XNF file can be used as the basis of a func- 
tional (or unit-delay) simulation, and the 
appropriate translator should be used to con- 
vert the XNF file into a format understood by 
the simulator. Simulation at this point is vital 
because this is usually the first time that all of 
| the elements in the design have been brought 
} together. Typically a designer will have to go 

around the ‘simulate and redesign’ loop sev- 

eral times before his design will meet its func- 


functional level a program called XNFDRC 

| (DRC = Design Rule Check) tries to identify 

| any elements of the design which may cause 

problems later in the process. These prob- 

| lems are reported to the designer who should 
| make the indicated changes to his design. 

‘A program called XNFMAP then partitions 

the design by redescribing it in terms of 

CLBs1OBs and performs a logic reduction 

stage that removes any unused or redundant 

logic. This process generates a report file that 





TARGET FPGA 





describes where logic has been removed and 
how many of the FPGAs CLBs and IOBs have 
been used. (It's usually at this point that the 
designer finds out whether his design will fit 
into the intended FPGA) The design is then 
placed by MAP2LCA, which tentatively allo-. 
cates the design's CLBs and IOBs to 
resources on the FPGA. This program also 
creates a ‘constraints file’, which holds the 
user's design constraints (such as locked YO 
pins or CLB locations) for use in the next stage 
in the process. 

‘The bulk of the work is carried out by a pro- _ 
gram called APR (Automatic Place and Route) 
which uses a complex optimisation algorithm 
called ‘Simulated Annealing’ to allocate the 
best possible location for every IOB and CLB 
— a task of daunting complexity due to the 
sheer volume of possible permutations. A 
good placement is one where the inter- 
CLBIOB connections are the shortest (and 
therefore the fastest) and makes the job of 
routing the design very much easier. The rout- 
ing phase aims to find the best possible set of 
links between CLBs and IOBs and results in 
a finished design in the guise of an LCA file. 


K) 


Once a design has been routed it's then up 
to the designer to verify that the additional 
timing information introduced by APR hasn't 
created any new problems — such as set up 
and hold time violations for example. This is 
achieved by back-annotating the design, 
which rebuilds the XNF file from the design's 
LCA file (which now incorporates APR's tim- 
ing information). The resulting XNF file can 
then be used to resimulate the design using 
a third-party simulator and the appropriate 
translator. Further simulation will reveal those 
aspects of the design that fail to meet timing 
requirements and the designer can either 
Terun APR — in order to achieve a better place- 
ment by altering parameters and constraints 
— or modify the design at the schematic level 
in an attempt to solve the problem. Once 
again, the designer can remain in the simu- 
late/revise loop until the design meets both 
functional and timing specifications. 

Finally, the designer can choose to tum his 
design into reality by taking a routed design 
(LCA) file and converting it into a configura- 
tion bitstream with the MAKEBITS program. 
Since all Xilinx FPGAs use static-RAM to hold 
their configuration information, they need to 
be reconfigured every time power is applied. 
In a production environment this can be 
achieved by using a dedicated EPROM or by 
having a microprocessor configure the FPGA 
as a part of its own boot procedure. 
Alternatively, in a prototype environment, 
FPGAs can be configured using an 
XCHECKER cable which plugs into a com- 
puter's serial port and allows the computer to 
simulate a serial EPROM. This is a particularly 
useful feature because it enables the designer 


Global Clock Buffer 


to modify a design (at the schematic level 
Say), feprocess it and download the new con- 
figuration into the target FPGA within a few 
minutes. FPGAs can be reprogrammed in this 
way without having to remove them from their 
sockets and without needing to power-down 
the target 

Another useful feature of the XCHECKER 
cable is its ‘readback’ facility. This allows the 
designer (or a microprocessor) to read back 
It also allows the designer to take a snapshot 
of all the signals within the FPGA and read 
them back into a computer for further simula- 


It should also be pointed-out that Xilinx 
have a program called XMAKE which com- 
pletely automates the process shown in Figure 
7. XMAKE examines the design and applies 
the appropriate translators, merges the result- 
ing XNF files and then executes the correct 
‘sequence of programs to produce a finished 
bitstream. XMAKE is usually the only Xilinx 
program that the designer has to be familiar 
with when processing a design from its high- 
est level. (Note that the only difference 
between the XC2000/XC3000 family de- 
sign flow (shown in Figure 7) and the 
XC4000/XC3000A family flow is that 
XNFDRC, XNFMAP, MAP2LCA and APR 
have all been merged into a single program 
called PPR (Partition Place and Route.) 


Programmable Interconnect Points 





Designing with FPGAs — 
The Hardware 


One of the most important issues when 
designing for FPGAs is how well a design 
maps onto the device's architecture. 
Designers often ignore that the FPGAs inter- 
nal structure is going to form the most fun- 
damental layer of their design — that is, the 
actual implementation. Automated design 
tools are an attempt to insulate designers from 
such architectural complexities and include 
features that aim to identify those areas of a 
design that might cause problems in a real 
device. Of course, the designer can choose to 
ignore this advice and implement a design 
that has little or no chance of working in 
realty. Alternatively, the designer can use this 
facility to work with the software and pro- 
duce a high quality design. 

Given the state of today's technology, most 
designs can be processed automatically with- 
out the need for user intervention, however, 
the Xilinx ADI tools give the designer the 
opportunity to become heavily involved in the 
implementation process — to the extent that 
he can even specify the path that a signal 
takes through the device's interconnect 
matrix. It is rare that a designer should ever 
need to consider his design at such a low-level 
since the facility exists to steer the ADI tools 
ata much higher level - the process can even 
be controlled from the schematic diagrams. 
(A good analogy is the relationship between a 
high-level programming language — such as 
FORTRAN or C ~ and low-level assembly 
language.) Of course, as with most auto- 
mated processes, anyone who interferes with- 
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Figure 8. XC3000 intemal architecture, as depicted by the Xilinx Design Editor (XDE). 
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out fully understanding what he is doing can 
do more harm than good. The best way to 
achieve a good result is to design with the 
FPGAs architecture firmly in mind and the 
only way to achieve ultimate performance 
is to monitor and control every step of the 
implementation process. 

It is beyond the scope of this article to 
discuss every facet of the Xilinx FPGA archi- 
tecture (the Logic Cell Array (LCA)) but further 
information on the subject can be found in 
The Programmable Gate Array Data Book 
issued annually by Xilinx Incorporated. 

The most fundamental components of any 
design are those found on the FPGA itself. 
These features include IOBs, CLBs, routing 
resources and other dedicated functions that 


are specific to a family of devices. The remain- 
der of this section discusses some of the 
points that designers should consider when 
targeting a design for Xilinx FPGAs. 
References are made to the internal structure 
of the [OBs and CLBs found in all families and 
readers are directed to The Programmable 
Gate Array Data Book mentioned above, or 
to Figures 4 and 5, which describe the 
XC3000 family CLB and IOB. Figure 8 depicts 
the internal structure of a XC3000 family 
FPGA as shown by the Xilinx Design Editor 
(XDE). XDE allows the designer to edit his 
design in terms of the lowest level possible — 
namely, at the actual silicon. XDE is somewhat 
akin to programming in assembly language 
and would only be used to ‘tweak’ problern- 

















atic designs, or as a last-resort method of 
improving on the ADI tools’ placement/rout- 
ing results. 


Routing Resources 

Figure 8 shows a magnified view of the rout- 
ing resources that are available within XC3000 
series FPGAs. The various types of intercon- 
nect are discussed below. 


Direct Interconnect 


All families have a set of short metal tracks that 
originate at a CLB's outputs and connect 
directly to adjacent CLB's inputs. These tracks 
are the fastest means of getting signals to 
nearby CLBs (<0-5ns). These connections 
are typically used for arithmetic carry propa- 
gation or as fast paths to IOBs. 


General-purpose 
Interconnect 


All families have a network of segmented 
metal tracks that span the entire surface of the 
LCA ina regular grid consisting of four (2K), 
five (3K) or eight (4K) individual tracks. Switch 
matrices located at intersections allow signals 
to be connected from one track to another 
and Programmable Interconnect Points (PIPs) 
allow connections to be made to CLBIOB 
inputs and outputs. 
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Figure 10. A printout from XDE, which shows how a design has been implemented within a XC3020. 
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Long Lines 
Allfamilies have a set of long lines, long metal 
tracks that run horizontally and vertically 
across the entire LCA and distribute high fan- 
out, skew-critical signals. Typically, long lines 
are used for clocks, enables, resets, etc. Long 
lines are the fastest way to get a signal from 
a single source to many loads. 


Clock Buffers 


All families have a set of global clock buffers 
that use @ dedicated set of long-lines to dis- 
tribute any signal (typically a clock) around 
the whole device with minimal delay and skew. 
The 2K and 3K families have two global clock 
buffers and the 4I family has eight. 


Bidirectional Repowering 
Buffers (BIDIs) 
Signals that are widely distributed via the gen- 
eral-purpose interconnect can make use of 
bidirectional repowering buffers which add 
extra drive capability to high fan-out signals, 
Itis not possible for the designer to specify (at 
the schematic level) where BIDIs should be 
used. That decision is left up to the automatic 
routing tools, which allocate BIDIs on a prior- 
ity basis — that is highest fan-out signals first. 
One of the most important routing-related 
factors is the speed with which the intercon- 
nect works. Even in ‘slow’ designs, signals will 
propagate through the routing network 
incredibly fast. Designers must be very care- 
ful to ensure that any asynchronous elements 
in their designs will not generate glitches or 
spikes because unlike TTL or discrete logic 
designs, there is very little track inductance 
and capacitance to swallow them up. Glitches 
become well-defined pulses that can cause un- 
expected clock transitions in even the slowest 
of systems. Xilinx advise that designs should be 
as synchronous as possible, and only to gate 


fate outputs are typically used to supply high- 
frequency signals or outputs that need to 
arive at extemal devices in the shortest pos- 
sible time. 

Itis often the case that FPGAs are mounted 
in packages that have fewer /O pins than the 
device has IOBs. These extra IOBs are left 
unconnected and are available to the designer 
should he need to make use of the logic that | 
they contain. 


CLBs 


Designers should always remember that CLB | 
function generators have a limited number of | 
inputs 2K = 4, 3K = 5, 4K = 9) and when 

a function requires more than this it will have 

to be allocated to several CLBs. The outputs 
of these CLBs must then be recombined | 
(using another level of logic) to produce the | 
desired result. Although there is nothing logi- 
cally wrong with this procedure, additional 
levels of logic introduce extra delays that can 
have a serious impact on system clock rates. 
For example, a 4-input-to-1-output multiplexer 
requires 6 inputs (4 data and 2 data-select) 
and so cannot be directly implemented within 
a single 3K CLB. Figure 9 shows how such a 
function might be implemented. Designers 
for whom speed is an issue should be par- 
ticularly aware of issues such as these. 

It has already been mentioned that using 
direct interconnect is the fastest means of get- 
ting CLB outputs to adjacent CLB inputs. | 
However, the fastest way to get a 3K CLB’s 
outputs back to its own inputs is to use the 
feedback connections that exist within the 
CLB. These connections can be used in a 
variety of ways and allow functions like 2-bit 
binary counters, bi-directional shift-registers 
and LFSRs, etc. to be implemented within a 
single CLB. 

One of the most novel aspects of the 4K 
CLB is that the designer can choose to use 
the function generators as a 16 x 2-bit or 32 


Dedicated Functions 
Tri-State Buffers 


The 3K and 4K FPGAs contain Tri-State 
Buffers (TBUFs) which allow the designer to 
perform various tri-state related functions that 
would otherwise be impossible or impracti- 
cal. TBUFs drive only the horizontal long lines 
and each long line is equipped with a pair of 
optional pull-up resistors. For example, bi- 
directional data buses (of the type found in 
microprocessor applications) can only be 
implemented with TBUFs. Also, functions 
such as wide-multiplexers or wired-ANDs 
(which don't easily map into CLBs and IOBs) 
can be implemented using TBUFs and the 
optional pull-up resistors. 


Fast Wide Decoders 


One criticism of the 2K and 3K families is that 
their CLBs are very inefficient at implement- 
ing functions with many inputs (such as 
address decoding). The multiple levels of logic 
required to implement these functions use-up 
large numbers of CLBs and make designs 
slower. For this reason 4K devices come 
equipped with wide decoders that are 
capable of decoding a particular bit-pattem on 
their 60 (maximum) inputs. Up to 32 decoders 
sit around the periphery of 4K devices and 
they have their own set of dedicated long 
lines. 


Fast Carry Logic 
4KK CLBs can generate the arithmetic-carry 
output for incoming operands, and can pass 
this extra output onto the next CLB above or 
below. (Note that this connection is indepen- 
dent of normal routing resources.) The addi- 
tion of fast carry logic is one of the 4K’s most 
important features, significantly increasing the 
speed and density of arithmetic and counter 
applications. 

Figure 10 shows a design that has been tar- 


clock signals when absolutely necessary. % 1-bit static RAM memory block. The reason geted at a XC3020 using the design flow 
for this is that function generators are simply | shown in Figure 7. This diagram was pro- 
IOBs RAM-based lookup tables that are pro- duced by the Xilinx Design Editor and shows 


IOBs contain input and output flip-flops that 
can be used for various functions such as 
pipe-lining, resynchronising V/O signals or as 
general purpose V/O registers. Making use of 
these flip-flops can remove a considerable 
burden from the other general-purpose 
Tesources. 

The designer also has the ability to select 
whether an IOB's output buffer has a normal 
or fast slew rate (3K and 4K devices), Fast slew 
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grammed (during configuration) with the cor- 
rect bit-pattern to simulate combinatorial 
logic. A good example of the use of these 
memory blocks is in a microprocessor inter- 
face where sixteen 8-bit registers can be 
implemented in only four CLBs. Note that 
both 3K and 4K CLBs contain two flip-flops 
that share common clock, clock enable and 
reset/set signals, therefore flip-flops that use 
‘separate signals for these functions cannot 
be mapped into the same CLB. 





exactly how the design has been implemented 
within the FPGA. Closer examination reveals 
that the design uses both of the XC3020's 
clock buffers (located in opposite corners), a 
combination of long lines, direct connections 
and general purpose interconnects and even 
several tri-state buffers. This diagram should 
impress upon the reader the complexity of 
the operations involved in finding the opti- 
mum placement/routing required to give the 
fastest and most efficient results. 
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for the new discovery of electricity. It was 

Oersted’s discovery of electromagnetism, 
more than any other for electricity being used 
for the benefit of mankind. 

Until Oersted discovered the linking of elec- 
tric currents and magnetism, there had been 
few ways of detecting currents. Leyden jars 
had been used to detect static electricity, and 
some chemical effects of dynamic electricity 
had been noticed. With electromagnetism, it 
was much easier to detect electricity, and this 
resulted in people investigating many uses for 
this new science. 


Fi: Many years very few uses were found 





First Uses 


Itwas in the field of communications that elec- 
tricity found some of its first uses. By simply 
connecting a number of wires between some 
form of transmitter and receiver and turning 
the currents on and off it was possible to send 
messages, The use of electrical forms of com- 
munication offered great possibilities, at the 
beginning of the nineteenth century commu- 
nications were stow and often difficult: A sys- 
tem of semaphore towers was often used 
Where messages might have to be passed over 
a known route. There was even a system 
where bonfires were set up along the English 
south coast to warn of an invasion by 
Napoleon, However, the most reliable 
method, of sending a message, was for itto be 
written on paper and sent by a horse rider or 
carrier pigeon. This was quite slow, especially 
when large distances had to be covered. 

With the discovery of electricity a wide vari- 
ety of systems were invented. Some pioneers 
managed to devise very ingeniot 
even though they only had limited resources 
and knowledge. Although rather crude by 
today's standards these ideas were at the fore- 
front of technology, in their time. 

One of the earliest recorded ideas dates 
back to the mid-1750s. A proposal appeared 
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for a system based around the transfer of elec- 
trostatic charges. The charge from a friction 
generator was transferred to one of a number 
of wires. This was carried along a wire to the 
remote end, where the charge attracted a small 
letter towards it, by successively sending a 
charge down different wires it was possible to 
make up a message. 

In later years, after the invention of the 
battery, several ideas were put forward for the 
use of electrochemical effects as means of dis- 
playing when a current was flowing. In turn this 
could be used to indicate the message in some 
way or another. However, all these methods 
proved to be rather unworkable to give a per- 
manent and usable system. 

A further problem was that wire was not 
easy to manufacture; in tum this meant that it 
was very expensive. This alone meant that 
most of the multi-wire systems were not eco- 
nomical even from the start. Even when the 
wires had been manufactured they had to 
have insulation placed around them, and if 
possible they were bunched together in the 











Sir Charles Wheatstone. 
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form of a cable. Much of this was achieved 
with the use of pitch, but as the methods of 
manufacture were not well established it was 
a very time consuming job. 


Cooke and Wheatstone 


Once electromagnetism had been discovered 
many attempts were made to try to devise a 
suitable and convenient electrical communi- 
cations system. The first to proceed as far as a 
patent, was as.the result of a joint venture 
between a physician named Cooke and a pro- 
fessor, at King’s College in London, named 
Charles Wheatstone. 

Cooke had seen a demonstration of a very 
early electromagnetically operated system 
devised by C. A. Steinheil. This was very in- 
genious and even included an alarm, to wam 
people of an incoming message. The receiver 
also employed electromagnets and ink to print 
the message onto paper. However, it was 
ahead of its time. It was far too expensive and 
complicated to catch on. 

On seeing this demonstration, Cooke’s 
imagination was fired up, and he started to 
devise his own system. It used five wires and 
a retum to operate five needles, which were 
deflected by the current flowing in the wires. 








te indicate 
the letter 


\being sent 


Figure 1. The Cooke and Wheatstone 
Telegraph. 





In this way the needles could point to the 
required letter as shown in Figure 1. Cooke 
realised his lack of knowledge in this field and 
so he approached Wheatstone, who had also 
been experimenting with telegraph systems. 
Together they developed the idea, improving 
itso that it was able to operate over consider- 
able distances. . 

On 10 June 1837, the patent for this idea 
was signed by William IV. Then on 26 July, the 
first full-scale experiment was undertaken 
between Euston and Camden stations, on the 
London and North Western Railway line, a 
distance of just under 3-6km. Although the 
experiment was a great technical success the 
company directors were not impressed, and 
the installation was dismantled. 

It took a further two years before Cooke 
and Wheatstone gained another success. The 
Great Westem Railway Company agreed to. 
install a line between Paddington and West 
Drayton, a distance of 21km. Three years later 
the system was extended to Slough. 

In addition to its primary use on the railway 
in giving communications between stations, a 
demonstration was ako set up at Paddington 
Station. For the princely sum of a shilling the 
public were allowed to see the new invention 
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which would allow to be carried at 
the speed of 280,000 milesiin a second. 

Whilst the Great Western Railway was 
pleased with the performance of the new sys- 
tem, it proved too costly to extend its use any 
further. As a result no more lengths were 
installed. F 

To reduce costs Cooke and Wheatstone 
modified their system. Using special operating 
codes they were able to reduce the number 
of wires from five to one, plus the return which 
could be achieved using the ground. Now the 
system gained a much wider acceptance. It 
was installed on a number of lines, but it did 
‘not gain anywhere near the acceptance they 
had hoped for. 


Morse 


The most successful telegraph system was 
invented by an American named Samuel Morse, 
he was a most unlikely candidate to make an 
invention of such importance, because he was 
an artist ‘by profession, (possibly the best to 
come from the USA). 

The story of the invention started after Morse 

faduated from Yale in 1810, initially he 
fecaine a derk fora book publisher, but he 
found the job uninteresting and he longed 
to become an artist. A year after joining the 
publisher Morse left to study the traditional 
style of painting being followed, in England. 

After four years he returned to the USA, 
only to find that people in America did not 
Want pictures painted in the style of art which 
he had studied. So he became an itinerant 
artist, producing some of his finest work. Slowly 
Morse's reputation began to grow and with 
more money in his pocket he decided to travel 
again, to learn more about the various styles 
used in Europe. 

Morse had always taken an interest in the 
new science associated with electricity. He had 
read about electromagnets and some of their 
NeW uses, and started to think about how he 
might use them. It was on his return journey 
from Europe that he had time to reflect on the 
idea for a practical telegraph system. 

On his retum home, Morse was very bt 
with his painting and lecturing. This ok 
precedence over his scientific thoughts, which 
were put to one side. This meant that it took 
Morse about three years to develop a proto- 
type. However, when it finally became oper- 
ational his enthusiasm grew, and in 1837 he 
put his painting and lecturing to one side to 
continue his work on the telegraph system. 

Realising that he did not have all the 
resources he needed to complete a system 
which he would be able to demonstrate, 
Morse enlisted the help of some of his friends. 
One named Alfred Vail was very mechanically- 
minded and he took charge of this aspect of 
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Table 1. The original Morse Code. 





Samuel Morse. 
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the project. In fact many people think that it 
was Vail and not Morse who invented the 
Marse key. 

Progress was swift and within a year they 
had developed a system of dots and dashes to 
represent the various letters and numbers 
which needed to be transmitted. This original 
code has many similarities to the one used 
today, and it was used for several years before 
the need arose for it to be changed. 

Itwas realised that if this new telegraph sys- 
tem was to succeed then it needed the inter- 
est of large organisations and users. To achieve 
this they gave some demonstrations to the 
American Congress and several other organi- 
sations, but without success. Undaunted by 
their apparent failure they continued the 
search even coming to England to see if there 
was any interest here, but again they received 
litle encouragement. 


Morse Succeeds 


Fortunately Morse did not give up. He forged 
ahead without the help of his partners and 
was successful in gaining a grant of $30,000 
from Congress to set up an experimental line 
between Baltimore and Washington. The line 
was just over 64-4km in length, and even 
though he had to overcome a number of set- 
backs Morse completed the line in just under 
a-year. Then on 28 May 1844 he sent his 
famous first message which read, “What hath 
God wrought?” 

Now with his system operational, interest 
grew very fast. Many of the railway Companies 
saw its possibilities and they started to have it 
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installed. After only four years more than 5,000. _ 
miles of line-had been set up and soon’ the 
Morse telegraph system became the standard 
system in use. 

With its success in the USA, enquiries soon 
started to come in from other parts of the 
world. Many systems were installed in Europe 
and a few in other parts of the world as well. 

Because Morse’s system was becoming so 
successful, his former partners started to file 
lawsuits against him. Naturally they felt they 
had contributed to its development, and that 
they were entitled to a proportion of the pro- 
ceeds. These legal battles took many years to 
settle, but finally Morse was successful, and 
was able to hold onto the patents. 


A New Code 


The original code which Morse derived had 
served its purpose well, but it had several lim- 
itations (see Table 1). Some of the letters 
included pauses, whilst others had dashes 
which were longer than others, and there was 
no provision for accents required by some 
European languages. These problems meant 
that the code was not always easy to use, to 
overcome this a new code was devised and 
introduced in 1851. It was based on the orig- 
inal one and bore many similarities to its pre- 
decessor. However, it was much easier to use, 
having standard lengths for all the dots, dashes 
and spaces. It is this code which is in use today, 
and is called the International Morse Code (see 
Table 2). 


Speech Over Wires 

The telegraph system was a great success, but 
|  itdid not include the vital element: the ability 
to send sounds over wires. This invention had 
to wait for a number of years, but when it 
arrived it was an instant success, 

As most people know it was Alexander 
Graham Bell, a Scot, who invented the tele- 
phone. His mother and wife were both deaf, 
and he taught elocution, especially for deaf 
| people. Before following this career, Bell 
studied anatomy and biology at University 
College in London. In addition to these 
stuidies, Bell had a keen interest in electricity, 
so that together.all his knowledge stood him. 
in good stead for his later researches. 

In 1870 Bell's family moved to Canada for 
a more healthy lifestyle. Here he followed his 
father’s career of helping deaf people to speak. 
Bell was very talented and soon found himself 
teaching others his methods which had proved 
to be so successful. Then in 1873 he was 
appointed professor of vocal physiology at 
Boston University in the USA. In his researches, 
Bell studied the make up of speech, even 
analysing the vibrations on an ingenuous con- 
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For procedural characters made up of two letters, they 
are sent.as a Singe letter with no break between them, 
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traption he devised. The vibrations from a 
diaphragm were transferred onto a moving 
glass plate blackened with carbon. In this way 
the actual vibrations could be seen in a very 
similar way to the displays we see on an oscil- 
loscope today. 

Seeing the sound vibrations displayed in this 
manner Bell wondered if it would be possible 
to convert the audible sound vibrations into 
electrical vibrations which could be sent along 
a wire. For some years he had taken a keen 
interest in various forms of telegraph, and had 
even performed some experiments. 

Bell continued his work with the deaf, but 
he still found time to develop his ideas for a 
telegraph system, To achieve this he received 
help from a fellow part-time enthusiast named 
Watson. it was Bell who devised most of the 
ideas, and Watson who built them up. 

The next piece of the jigsaw fell into place 
when Bell started to develop an idea forsend- 
ing several messages over a single telegraph 
line. He had the idea of using several reeds 
tuned to different frequencies. At the trans- 
mitting end they would interrupt the current 
ata certain frequency, and at the receiver only 
the corresponding reed would be activated. 
However, when setting up the system, Bell 
managed (accidentally) to send a sine wave 
along the line, and he quickly realised the 
implications of his discovery. He sketched out 
an idea for transmitting sounds along a wire 
and Watson helped to build it up. The follow- 
ing evening sounds were transmitted along a 
wire although at this stage they were not intel- 
ligible. 

Unfortunately after this initial success, devel- 
opment had to take second place to teach- 
ing, and even developing the original multi- 
message telegraph system. 


The First Message 

However, in 1876, before Bell was 30 years 
old he was granted a patent for his idea. This 
gave the duo renewed enthusiasm for their 
{elephone and it was only a matter of days after 
the patent was granted that intelligible sounds 
were transmitted. In fact, it was on the 10 
March 1876 that Bell transmitted the first 
message over the phone saying, “Mr Watson, 
come here | want you". This was a cry for help 
because Bell had spilled some acid irom one 
of the batteries over himself. This meant that 
the first telephone call was an emergency. 
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Bell's first transducers consisted of a parch- 
ment membrane with one end of a magnet- 
ised reed attached to the centre. This was 
held over a coil so that any vibrations in the 
parchment would be transmitted to the reed 
and induce a current in the coil. These first 
transducers were naturally lacking in perfor- 
mance. Bell realised this and put much work 
into trying to improve them, He even used a 
variety of new ideas, some of which seem far 
from ideal today. One involved hanging a wire 
from a diaphragm and dipping it into a weak 
acid solution. As the diaphragm vibrated so 
the amount of the wire in the water varied, 
changing the resistance and the amount of 
current flowing in the circuit. 

Bell had now proved the viability of a tele- 
phone system, but he still needed to exploit it 
commercially. To interest people he gave a 
number of demonstrations. In one, he used an 
existing telegraph line over 100 miles long and 
managed successfully to send a message. 

In 1877 the first commercial lines were 
opened in Boston Massachusetts, after this the 
growth in the use of telephones was phenom- 
enal. The succéss of the initial system 
prompted many more to be set up over the 
whole of the USA. New companies were 
formed to run these operations, but it was 
quickly realised that an overall parent company 
was needed. After many. reorganisations the 
American Telephone and Telegraph company 


‘An early Telephone (Bell’s Gallows 
Frame Telephone). 
Science Museum Photo Library. 
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(AT&T) was formed. Throughout the history of 
this company, research has been very impor- 
tant. In 1924 this lead to the formation of a 
new research wing called the Bell Telephone 
Laboratories, With its name shortened to Bell 
Laboratories this company was set to con- 
tribute more discoveries which would shape 
the whole world of electronics. 





The Telephone Develops 


In the years following the introduction of the 
telephone, its use became even more wide- 
spread, The number of telephone calls made 
by people rose almost a hundred-fold in the 
years between 1885 and 1915. This dramatic 
increase called for many other improvements 
to be made in the telephone system. Expensive 
manual exchanges gave way to automatic 
switching centres. The first of these was 
invented by an undertaker named Strowger in 
1889. His first system was very prone to giving 
errors, and as a result his engineers devised a 


dial system in 1896. This system remained in _ 


service for very:many years until digital’ 
exchanges and push-button telephones started 
to arrive in the 1960s, 

Whilst the Strowger system had gained ver 
wide acceptance, another system was ape, 
Called the Crossbar system its invention is 
usually credited to Betulander, a‘Swede: This 
system was invented in 1919 and is based on 
arelay type switch. It was much more reliable 
than the Strowger system Which used a pawl 
and ratchet system to move the wipers over the 
various contacts. 

These new inventions enabled the real/cost 
of owning a telephone to fall. Soon the tele- 
phone became the main form, of communis, 
cations used for everyday life. It did not take 
long for most businesses to have their own 
phones installed, and the number of private 
users rose rapidly as well. By the early 1960s 
most households and virtually all businesses 
had a.telephone. This made the telephone 
one of the most revolutionary inventions of 
the last two hundred years or more. 


Other Developments 


The development of the telegraph and tele- 
phone were major stepping stones in the 
development of electronics as we know it 
today. However, there were many other inven- 
tions which also played a vital role as well. 
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Whilst they may not appear to have a link at 
first, their development was to playa vital role 
in the years to come. One of these was the 
need for clean efficient and safe forms of light- 
ing. 

At the beginning of the nineteenth century 
oil lamps and candles were the main forms of 
lighting. Around the early 1800s gas started to 
be introduced as it was more efficient. In fact, 
g25 was particularly widespread as a form of 
street lighting, being used for many years in 
and around London. 

It did not take long for people to investigate 
whether electricity could be used. Initial 
attempts at using electric lighting involved the 
use of an electric arc between two electrodes. 
The first demonstration of this was made by 
Humphrey Davy just after the beginning of the 
nineteenth century. Using a large battery and 
two charcoal electrodes he succeeded in pro- 
ducing a brilliant light. 

Although this demonstration proved the pos- 
sibilities of producing electric lights, these early 
attempts were far from suitable for practical 
use. The electrodes bumed away quickly and 
the resulting change in dimensions altered the 
arc. Despite these problems the basic prin- 
ciple that electricity could be used for electric 
lighting had been proved. Even so, it was many 
years before it was used in a practical form. 

Of more interest to the development of ele 
tronics is the search for an efficient form of 
lighting for the home and office. This was 
seen by many as a very lucrative market. 
Consequently many inventors set about inves- 
tigating the possibility of using incandescent 
lamps. 

Although light bulbs are freely available 
today at very reasonable prices their develop- 
ment took many years, and was fraught with 
difficulties. The story starts around 1840 with 
the first investigations into incandescent lamps. 
These resulted in the first patents being issued 
in Britain, although people in many other 
countries were also trying to develop them. 

One of the most important early problems 
which had to be overcome Was finding a suit- 
able method of obtaining a vacuum. Without 
this the filament would become oxidised very 
quickly because of the very high temperatures 








involved. The basic problem was overcome 
in 1865 with the invention of the mercury 
vacuum pump although it took a little longer 
to devise a method of evacuating and sealing 
the glass bulbs. This was only the first of many 
hurdles which had to be overcome. 


Two Inventors 


The composition of the filament itself was of 
vital importance. This determined the whole 
performance of the bulb from its light output 
to its life. Many people were involved in the 
quest to find a suitable filament, of the many 
people who were involved the two names 
which will be remembered most are Thomas 
Alva Edison and Joseph Swan. 

Edison's work is well-known. Bom in Ohio. 
in 1847 he was a very gifted inventor taking out 
1,093 patents during his life. Many of these 
were for devices which are still in common use 
today and they include the phonograph, a 
motion picture projector and the carbon tele- 
phone microphone. 

Joseph Swan is not so well-known. He was 
a chemist from Newcastle who made contri- 
butions to science in a number of areas. He 
invented bromide photographic paper, and 
made some of the first man made fibres from 
cellulose. 
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Both of these men took up the search for 
making a usable incandescent lamp. However, 
Edison had the wider vision, seeing the enor- 
mous Commercial possibilities. He was looking 
at a complete lighting system, including the. 
generator, distribution system through. to the 
lights themselves, 

Much of the research put into these lights 
revolved around the filaments in the bulbs..A 
vast number of ideas were tried and tested. 
Carbon, platinum, titanium oxide, chromium, 
and a whole host of other substances were 
tied. In 1879, after a phenomenal amount of 
experimentation, Edison succeeded in making 
a bulb which lasted for two days, using a fila- 
ment from carbonated cotton. Further devel- 
opments lasted up to a week, and soon Edison 
was making bulbs on a commercial basis. 

Swan also settled on carbon, but he manu- 
factured his filaments in a different way by 
using his expertise in fibre technology. Swan's 
artificial fibees hada more uniform cross sec- 
tion than the cotton by Edison. This consider- 
ably improved the life of the filaments. 

The key to success was in commercial 
exploitation Of lighting in the home and offices. 
To achieve this Edison set up an experimental 
power station in his laboratory at Menlo Park 
in New York, to light Pearl Street. The system 
was opened with great ceremony in 
September 1882, with Edison himself turning 
on the lights. 

The success of the system was soon proved 
and interest grew. By 1886 over sixty stations 
were operational, each “supplying their own 
small areas. 








Increasing Bulb Life 


Despite all these successes problems with bulb 
life still troubled Edison and others, apart from 
the problem of filament life, another problem 
which was encountered was that of the inside’ 
of the bulb becoming blackened. To overcome 
this Edison tried a number of ideas, one of 
these was to place a second element into the 
bulb to repel any particles coming from the 
filament. Whilst this idea was never put 
into operation for normal light bulbs it was the 
vital link for the next era of electronics. 





Every possible effort has been made 

to ensure that information presented 

here is correct prior to publication. To 

avoid disappointment due to late 

changes or amendments please con- 

tact event organisations to confirm 
tails. 


29 January to 1 February. European 
Lightshow Exhibition, Earls Court, 
London. Tel: (01952) 290905, 

3, 10, 17 & 24 February. ‘Caught in 
the Net’, Arts Theatre, 6-7 Great 
Newport Street, London WC2_ Tel: 
(0171) 836 2132. 

7 February. Weather Satellites, 
District Radio Amateurs, 


Tel; (01787) 313212, 

7 to 9 February. SDN USER — 
Integrated Communications Exhibi- 
tion, Olympia, London. Tel: (01733) 
394304, 


14 to 16 February. SMARTCARD — 
Intemational Smart Card Exhibition & 
Conference, Olympia, London. Tel: 
(01733) 394304, 

1 to 2 March. Electronic Books Inter- 
national, Wembley Centre, London. 
Tet: (0171) 976 0405. 

3, 10, 17, 24 & 31 March. ‘Caught in 
the Net’, Arts Theatre, 6-7 Great 
Newport Street, London WC2. Tel: 
(0171) 636 2132, 








7 March. Junk Sale, Sunbury & District 
Radio Amateurs, Wells Hall Old 
School, Great Comard. Tel: (01787) 
313212. 

7 to 9 March. Computers in Libraries, 
Wembley Centre, London. Tel: (0171) 
976 0405. 

16 to 19 March. Computer Shopper 
‘Show, NEC, Birmingham. Tel: (0181) 
742 2828. 

18 March. Amateur Radio Open Event 
Station, Central Lancashire Amateur 
Radio Club, Maplin Electronics Store, 
Unit, tion Street, Preston. Tel: 
(01772) 258484 or (01772) 312912. 


Radio 

Great Comard. Tet: (01787) 313212. 
7, 14, 21, 28 April. Caught in the Net’, 
Arts Theatre, 6-7 Great 

London WC2. Tel: (0171) 836 2132. 
9 to 11 April. European Computer 
Trade Show, Business Design Centre, 
London. Tet: (0181) 742 2828. 

22 April. Special Intemational Marconi 


Day exhibition station at Puckpool Park, 
Wireless Museum, IOW. Tel: (01983) 
587665. 

2 May. Starting in Contesting, Sunbury 
& District Radio Amateurs, Wells Hall 
Old School. Great Conard. Tel: 
(01787) 313212. 

5 May. ‘Caught in the Net’, Arts 





Theatre, 6-7 Great Newport Street, 
London WG2. Tel: (0171) 836 2132. 
8 May. Working Wartime CW Short- 
wave Station to Celebrate VE-Day, 
Puckpool Park Wireless Museum, 
JOW. Tel: (01983) 567665. 

16 to 18 May. intemet World, Wembley 
Centre, London. Tet: (0171) 976 0405. 
6 June. Using Thermionic Valves, 
Sunbury & District Radio Amateurs, 
Wells Hall Oid School, Great Comard. 
Tel:(01787) 313212. 

1410 15 June. Government y 

& Information Management, Royal 
Horticultural Halls, London. Tel: (0171) 
587 1551, 

27 to 29 June. Networks Exhibition, 
NEC, Birmingham. Tel: (0181) 742 
2828. 

4 July. Operating QAP. Sunbury & 
District Radio Amateurs, Wells Hall Oid 
School, Great Comard. Tel: (01787) 
313212 

2 September. Wight Wireless Rally, 
Arreton Manor Wireless Museum, 
Newport. IOW. Tet: (01983) 567685. 

5 to 7 September. inte mational Con- 
ference on 100 Years of Radio, Savoy 
Place, London WC2. Tel: (0171) 240 
1871. 

10 September. Southend & District 
Radio Society 75th Anniversary Year, 
Radio & Computer Rally, The Ciitis 





Pavillion, Southend. Tel: (01702) 
353676. 


10 to 13 September. PLASA — Light 
& Sound Trade Show, Earls Court, 
London. Tel: (0171) 244 6433, 
12 to 14 September. First [EENEEIE 
Intemational Conference on Generic 
ims in Engineering Systems — 
Innovations and Applications. 
Sheffield. Tel: (0171) 240 1871. 
19 to 21 September. Computers in 
Manufacturing Exhibition, NEC, 
Birmingham. Tel: (01932) 564455. 
20 to 21 September. Electrical 
Engineering Show, Hinckley Island 
Hotel, Hinckley. Tel: (01732) 359990. 
4 to 6 October. Electronic Data 
Exhibition, ICC, Birmingham. Tel: 
(0181) 742 2828. 
12 to 13 Qetoher. Electrical 
Engineering Show, Forte Post House 
Hotel, Basildon. Tel: (01732) 359990. 
10 to 12 November. Design & 
Technology Education Exhibition, 
NEC, Birmingham. Tel: (01425) 
272711. 


Please send details of events for 
inclusion in ‘Diary Dates’ to: The 
News Editor, Electronics — The 
Maplin Magazine, P.O. Box 3, 
Rayleigh, Essex SS6 8LR. 
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A readers’ forum for your views and comments. 
If you would like to contribute, please 


address your replies to: 





work Vary nek yc pe eceve 

consumer acceptance. However, modem 
systems and techniques are much better 
at achieving their aims and this is bone 


x 


The Editor, Electronics — The Maplin Magazine, 
P.O. Box 3, Rayleigh, Essex SS6 8LR, or send 
an e-mail to: AYV@maplin.demon.co.uk 
















































































regarding VideoPlus+. 


STAR LETTER 


This month, Mr R.A. Wallis, from West Yorkshire, 
wins the Star Letter Award of a Maplin £5 
Gift Token for his very interesting letter 








FOO OK 


‘Dear Editor, 

Jam not sure whether VideoPius+ comes 
\within the scope of Biectronics, but as 

2 resident purchaser of a machine with 
this taciity, Le. a Panasonic NV-HD1008, 





\Visbie length of time to convert the codes 
into the respective elements, 

‘Some insight into this subject, preferably a 
complete 


Older but Wiser! 
Dear Ecitor, 
Bale at be s70 oud ol tie aoe specie 


mechanics magazine 
cost around 2d of Sd (that's about 1p) but 
Spending money was ahout the same if you 





in relation to aver 50 years infiation. The 
1960s were probably the best years for the 
contents/price rato 


non-specalised magazines. 
Stick with it Jeremy, as by the year 2000 
yu may be eaming £1,500 a month o pay 
for itt 


Having waited untl December to read the 
magazine, this letier is a litte 

late! However, | have noted that the issue 

Of publishing an index has cropped up. 

For those of us who take the magazine 

‘on subscription, | quess that keeping them 

Is more likely than not. Mainly this will be 

artes 


in the future. The projects, | would judge, 
have a design lds in excess of 5 years, 
In these circumstances an information 
‘etfieval system in the form of an index 


is essential 
‘The nature of the index is, however, 





(a een elo eed 





Siecbe'o $0 please dont let me | 


Warwick Eis, South Humberside. 
Ask Six DJs what they want ona disco 


if we were to publish a. budget 
isco mixer desion, you cen quarenise 
ft woull satsty only 2 pementage of Dis 
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MasOon OLY) 


Teed heb slecng whch kis fuse ard 
‘aw to connect them together call our 
Technical Help Line on Tet (01702) 
55500) (S23 pags 2 under Technical 
Enquiries for fal detais). 





time, and would i need to go back to the 
year dot? A disk format would be the best 
medium here, but how many of your 
readers have PCs 

Peter Tyler, Lancs, 


For anyone new to joining the debate on 
the Electronics Index, here is the state 


Intemet, on various public BBS and ca 


HE modifications can easily be 
incorporated by constructors 

at the building stage, but if you 
have already finished a ‘Millennium’ you 
will be pleased to know that it is equally 
quick and simple to effect these changes 
without any major dismantling! The 
modifications concern three main 
areas: improving signal bandwidth 
and stability, signal earthing and the 
addition of the 115V US mains voltage 
Option in the Power Supply Unit kit. 


Revised EF86 (V1) 
Input Stage 


Reviewers’ findings suggest that the 
frequency response is unusually wide 
for a valve amplifier, in the order of 
70kHz. This is perhaps too wide as 
there is sometimes evidence of a small 
amount of high-frequency oscillation 
in the noise floor High feedback valve 
amps are best band limited, keeping 
the upper end down to SOkHz or so 
at most, to help avoid HF instability 
of this type. 

Figure 1 shows the revised portion 
of the circuit, concentrating on the 
input stage around V1. The screen 
grid decoupling capacitor, C8, 
was originally taken directly to OV. 
Normally this is satisfactory because 
the cathode is also decoupled to 
OV However, because, in this 
application, the negative feedback 
signal is developed across R3 and 
communicated through C4 & C5, 
some AC is present at the cathode 
as it is not fully bypassed, so that the 
screen grid ‘sees’ a small AC signal 
with respect to the cathode, slightly 
upsetting the vaive's normal operation 
and this accounts for the small 
amount of HF oscillation. 

In Mullard's original circuit of 1955, 
the screen grid decoupling capacitor 
is terminated to the cathode pin 3 
instead, as in Figure 1. As a result 
there is no AC difference between 
the screen grid and cathode (as 
there shouldn't be) and so the stage 
is more stable, Future kits (T45Y) 
will be supplied with Issue 2 of the 
PCB (GH60Q), now having this minor 
modification. It does not affect the 
layout of components on the PCB, 
which stays the same. 

The modification can be easily applied 


4B 


The ‘Millennium 4-20' Valve Power 
Amplifier project is now a year old 
and has proved to be very popul: 
receiving some good response: 
from independent testers. 

During this time, one or two 
improvements/modifications have 
evolved. These have now been 
implemented in the relevant kits 
and literature, are detailed here. 





to original version PCBs, however, 
which can then still be used. All that 
is required is to install C8 in the 
normal position on its legend, but only 
solder the lead at the R7 end, nearest 
the corner of the PCB, into the board. 
The other lead is bent around and 
directly wired to the PCB pin at V1 

pin 3, nearby, covered with sleeving. 

For Issue 1 PCBs that have 
already been installed into finished 
‘Millennium’s’, it is not necessary to 
remove the board completely. Simply 
cut the lead of C8 at the OV end 
(nearest C4 & C5), clase to the 
surface of the PCB, extend it with 
bell wire and cover with sleeving, then 
connect it to V1 pin 3. 

To reduce the bandwidth, it may be 
possible to increase the value of the 
feedback network capacitor (C15 in 
Figure 1) slightly, from 330pF to 
perhaps S6OpF (8X54), although 
it has been suggested that this 
Capacitor can make instability worse, 
not better (R16 is meant to limit 
this effect.) 

It has also been suggested that 
bandwidth could be limited in the 
preamplifier or at the input to the 
‘Millennium’ amplifier The optional C16 
and R26 in the original circuit diagram 
can be used for this. Leave C16 at 


Figure 1. Small revision to 
the valve input stage V1 
consists of relocating the 
OV end of C8 to pin 3 of 
the valve. 


220pF and increase R26 to 4k70 
(M4K7). 

In one example, 220nF capacitors 
(polyester type BX78K, or mylar type 
WW835) were connected across each 
pair of speaker output terminals to 
reduce HF noise. AF picked up by the 
speaker leads acting as aerials, could 
be observed on an oscilloscope. The 
Capacitors reduce the level of AF 
returned to the amplifier by the 
feedback network, and ensure output 
loading is provided at high frequencies. 


Revised Earth Wiring 


This is an alternative earth 

wiring arrangement for a stereo 
configuration, where two amplifiers 
share one PSU and a common chassis 
assembly, as is the case for kit LK72P. 
for example. The modification serves 
to improve the stereo image, where 

‘a form of crosstalk between the left 
and right channels has been known 

to degrade the stereo image. 

Some examples have shown a small 
difference signal occurring between 
the two speaker outputs, even when 
both inputs are identical (monophonic). 
While this can often be due to 
problems like phase errors, 
frequency response differences, or 
instantaneous drops in the commonly 
shared HT line, it can also arise in 
sympathy with current variations 
in the signal earth wiring for each 
amplifier module. 

Figure 2 shows the earth wiring 
systems of a unit construction, 
stereo assembly version of the 
‘Millennium 4-20’, configured as 
described in the original wiring 
instructions. The mains earth system 
connects the Millennium chassis 
with the chassis of other items of 
equipment in the stereo system, 
by the common mains earth wiring in 
the power leads. To reiterate the PSU 
module construction notes, a 1000 
resistor links the mains earth to the 
amplifiers’ and PSU's supply and signal 
earth, to prevent a ‘hum loop’ farming 
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Figure 2. The signal and PSU earthing arrangement as described in the original 
instructions for a stereo assembly that shares a common PSU. 
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Figure 3. Improved earthing arrangement avoids difference errors between the two 
amplifier signals by locating the common earth point at the input sockets. 


around mains and input signal earth 
connections. 

Internally to the chassis, the 
Millennium’s circuit earth is centred 
On a common point at the ‘OVE’ pin 
(P1) on the PSU PCB. The signal earth 
for each amplifier is derived separately 
for each input socket via the screen 
of its input lead (the bodies of the 
sockets are also isolated from 
chassis), This leaves the signal OV side 
of each socket ‘floating’ with respect 
to the other, allowing small voltage 
shifts that introduce the difference 
signal. It has been found that 
connecting each to a common signal 
earth point at the sound source 
equipment, via separate screened 
leads, does not sufficiently eradicate 
the problem. It is necessary to 
connect the OV screens of both 
input sockets directly. 

During the original development, 
attempts to link together both input 
socket earths were abandoned due to 
the consequent introduction of "hum 
loops’. However, it transpires that the 
key to avercoming this prablem lies in 
physically moving the common earth 
point, from the PSU (the original point) 
to the vicinity of the input sockets. In 
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addition, all earth returns are then 

made to this point by way of low 

impedance paths, using thick, multi- 
strand wire, for example 6A Green 

Wire (32 x O-2mm strands, XR35Q). 

Figure 3 shows the modified circuit: 
earthing arrangement. New 
connections are shown as thick lines, 
representing the high current cable, 
or single wires stripped from 13A 
mains cable (i.e. XAOSK, XA10L, 

XR11M: 40 x O-2mm strands). The 

original wiring (if already connected) is 

disconnected at points -X—’. To change 
existing wiring, proceed as follows: 

41. Connect a new ‘earth bus’ between 
the screen solder tags (signal OV) 
of both input sockets using the 
high current wire, by as short a 
route as possible. The wire must 
also have approximately 1in. of 
insulation removed near the centre 
of its run. The copper screens of 
both input screened leads remain 
connected ta the socket screen 
tags. 

2. Remove (or omit, if building the 
PSU kit} the wire link between TB1 
centre terminal (AC heater supply 
centre tap) and P1 COVE’) on the 
PSU PCB. 





3. Connect a length of high current 
wire between the TB1 centre 
terminal and the bared centre 
portion of the ‘earth bus’. Twist 
the bared end around the ‘bus’ and 
then a lot of solder is needed, as 
it is soaked up by the high current 
wire. 

4. Similarly connect 2 length of high 
current wire between ‘OVE’ (P1) on 
the PSU PCB and the bared centre 
portion of the ‘earth bus’. 

5. Remove (or omit) the black OV 
wires from the ‘OVE’ pins (P3) 
of both amplifier PCBs. 

6. Connect a separate length of high 
Current wire between the bared 
centre portion of the ‘earth bus’ 
and each amplifier PCB pin ‘OVE’ 
(P3). 

7. Finally, disconnect the input lead 
screens from the ‘I/P OV’ pins (P2) 
of both amplifier PCBs. Wrap the 
loose copper screens to the cable 
sleeve with insulation tape. (IF 
wiring a new kit, cut off the braid 
and insulate the remainder with 
tape.) 


Stage *7' must be carried out 
otherwise a ‘hum loop’ is formed with 
the input lead screen and the new 
earth wire. 

It may be worth considering 
physically moving the input sockets 
closer together, so that they are 
spaced approximately iin, apart or so. 
This will make a very short ‘earth bus’ 
between them which can simply 
consist of bared high current wire. 

This modification is important 
and necessary to achieve the best 
possible performance from a stereo 
‘Millennium’ amplifier assembly that 
shares 8 common PSU, 


Dual UK/US Standard 
PSU 


The revised Power Supply Unit now 
features a mains transformer having 
a dual-standard primary, that is, 
comprising two 115V windings. For 
operation in the UK or Europe at 
230V AC, the primaries are connected 
in series. For the 115V US standard, 
they are connected in parallel. In 
addition, two alternative mains fuses 
and transient suppressor devices are 
included in the kit. For 230V, the 1A 
fuse and 250V suppressor are used. 
For the US version, the 2A fuse and 
130V suppressor are used, Kit leaflet 
XU45Y has been updated showing 
these options in more detail. 


Performance 


With the signal earthing changes, but 
without the change to C8, Hi-Fi World 
magazine have had the following results 
from one example of a stereo kit: 


Power: 
Frequency response: 
Channel separation: 


21W 
1OHz to 73kHz 
80dB 








Signal ta noise ratio: 100dB 

Hum: 0-5 to 1-3mV 
Distortion: 0-02% 
Sensitivity: 230mV 
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FILTER 


Part 6: All-Pass 
Filters and Other 





J. M. Woodgate B.Sc.(Eng.), C.Eng., M.LE.E., M.A.E.S., F.Inst.S.C.E. 


Originally it was intended to cover design software in this 
part of the series, but the kindly Editor has pointed out 
that there is considerable interest in several special types 
of filters, so this time we shall be looking at all-pass filters, 
especially broad-band delay networks, wide-band audio 
90° phase-shift networks and the -3dB/octave filter, which 
converts white noise into pink noise, or pink into red. 


All-Pass Filters 
Tt may seem very strange to refer to ai 
thing as an ‘all-pass filter’: you wouldn't 
want one in your coffee machine, after all. 
What has happened is that the concept of 
a ‘filler’ has been widened over the years, 
so that it is now even applied to file con- 
version software that, for example, allows 
formatted text prepared by one word- 
processor to be loaded correctly into 
another. 

‘The meaning of the term ‘all-pass' is that 
the frequency response of the filter is flat 
(ideally) over the frequency range of inter- 





White ber 


Horizontal sync pulse 





est, not of course from the proverbial ‘DC 
to light’. What is not flat is the phase 
response, which is designed to perform 
(with varying degrees of accuracy) what the 
designer wants. We have not considered 
the phase response of filters in detail in pre- 
vious parts of this series, because for many 
applications; using continuous signals, it is 








Fis 56. ped signal producing a narrow 
white vertical bar. 
Figure 57. The same video signal passed 
through any phase-shifting filter. 

Figure 58. Poles and zeroes of first- and 
second-order all-pass transfer functions. 





not of great significance. However, not all 
signals are continuous, even in the ana- 
logue domain, and video signals form a 
very important example. Consider, for 
example, a narrow vertical white line on a 
darker background. The waveform of each 
line of the video signal then looks like a 
single isolated pulse, as shown in Figure 
56. The spectrum of this signal (without 
the complications introduced by the sync 
pulses) consists, as usual, of a fundamental 
and a series of harmonics, with particular 
phase relationships. Ifwe alter these phase 
relationships, by passing the signal either 
intentionally through a filter or simply 
through any circuit that introduces phase- 
shifts between the harmonics and the fun- 
damental (termed ‘differential phase-shift’), 
the pulse shape becomes distorted, as 
shown in Figure 57, and this makes the dis- 
play look ‘fuzzy’. Applied to a real picture, 
the subjective effect can be quite disastrous. 

‘There is one special case where differ- 
ential phase-shift does not cause the pulse 
shape to be distorted, and it is a very impor- 
tant case. This is where the phase-shift is 
precisely proportional to frequency, since 
this simply means that the pulse as a whole 
is delayed in time. 


Transfer Functions, Again 


Way back in Part 1, we saw that the re- 
sponse of any linear circuit can be de- 
scribed by a transfer function: 


Ns} 


where Sis the ‘complex frequency’, ¢ + jo, 
obeing related to the losses or damping of 
the circuit and @ being the physically- 
evident signal frequency. 

For an all-pass filter, by definition, the 
modulus of 7(s) is constant, and is equal to 
the insertion gain or loss of the filter (that 
is the loss or gain in the flat part of the pass- 
band, which should ideally be all of it, of 
course). We have not considered filters with 
insertion gain, because itis usually simpler 
to keep the amplifying and filtering func- 
tions separate, and we have considered as 
satisfactory only those filters that have neg- 














ligible insertion loss. So we will continue to 
assume that | 7(6)|= 1 for our all-pass fil- 
ters as well. 

For anon-oscillating circuit, the pales of 
T(s), which are the roots of D(s) = 0, must 
have negative real parts, that is the resultant 
values of o must be negative. So D(s) must 
be the product of factors like (s + 4), where 
ais positive. In order that | T(s)| is con- 
stant, N(S) must then be the same as T(s) 
but with a minus sign in every factor, ie. 
(s +a). The roots of N(s) = Gare called the 
zeroes of T(S) (because they also make T(s) 

0, ifyou think about it), and must there- 
fore have positive real parts, each exactly 
equal in value to the negative real parts of 
the corresponding pole, as shown for first 
and second-order networks in Figure 38. 





First-Order All-Pass 

Networks 

‘The transfer function is of the form: 
s-a@ 


Ts) = ree 


so that the squared amplitude response is: 


+aet+or 
C+raer er 


ITis)F = 





and the phase angle is: 
0(@) = arctan (8) 


For frequency (amplitude) response curves, 
we usually use a logarithmic frequency 
axis, but this distorts, usually unhelpfully, 
the shapes of phase response curves, so we 
often use a linear frequency axis, and we 
have to find ways of overcoming the resul- 
tant squashing of the low frequency end of 
the graph. The result for the above equa- 
tion, with @ (which is also the ‘corner fre- 
quency’ of the network, although it doesn’t 
have a corner in its frequency response) 
normalised to 1, is shawn in Figure 59. Note 
that, although the phase is not proportional 
to frequency, it is nearly so over part of the 
frequency range. In this range, the network 
introduces a more or less constant delay. 
The delay introduced by the network, 
termed ‘group delay’ to distinguish it from 


Figure 59. Phase response of a first-order 
all-pass network. 

Figure 60. Group delay of a normalized first 
order all-pass network. 

Figure 61. Phase response of second arder 
all-pass networks of various Q values. 
Figure 62. Group delay responses of second 
order all-pass networks of various Q values. 





another sort of delay which we are not con- 
cerned with, is equal to—1 times the rate of 
change of phase 9 with frequency: 





‘This function is shown, plotied on both 
linear and log frequency axes, in Figure 60. 
It may seem very strange, but the delay is a 
maximum at zero frequency, and its maxi- 
mum value is 2/@. 


Second-Order All-Pass 
Networks 


Just as for first-order networks, we can 
identify a ‘corner frequency’, @; (in spite of 
there not actually being any ‘corner’ in the 
ideal frequency response) and we now have 
an additional parameter, the ‘filter Q’, Q 
Then the transfer function T(s) is given by: 


( S-Os 
n9= (ore 
Q+ or 


and the rather unwieldy expression for 
| 7(s)| can be easily seen to be identically 
equal to 1, proving that the network is 
indeed all-pass. 
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Figure 64. 


‘The co-ordinates of the poles can be writ- 
ten (-a/B), so that the co-ordinates of the 
zeroes are (@=/f), as shown in Figure 58. 
‘These are related to @-and Q by: 


=(@+PF 





On 


Q= 








‘The phase response is given by: 


OW 


aes, 


0(@) = -2 arctan w) 








and is shown in Figure 61 for various 
values of Q, @, being normalized to 1. The 
phase is zero at zero frequency and 180° at 
@,, and it tends to 360° at infinite frequency. 
If we let 2 = @/@,;, which is the same as 
normalizing @, to 1 and writing @ as Q, the 
group delay is given by: 









2Q(22 + 1) 





ie la 





1F+C¢ 





and this is shown in Figure 62 for various 
values of Q. If Qis much greater than ', the 
delay is a maximum at a frequency just 
below @,. The delay at @, is 4Q’@, and at 
zero frequency is 2/Qq,. These are equal if 
Q=1/\2, but the flattest delay curve is given 
by Q = 067 approximately. 


First-Order All-Pass 
Delay Circuits 

Before it was decided that Dr Georg Simon 
Ohm probably would not appreciate his 
name being spelled backwards for the unit 
of conductance, and the unit name was 
changed to ‘siemens’, it was possible to 
claim that a 20 resistor acted as a delay, 
since it had a conductance of half a mho. 
Being a German joke, this is no laughing 
matter (Mark Twain]. 

On a less serious note, Figure 63 shows 
two passive first-order all-pass delay cit 
cuits. The lattice form can also be drawn as 
a bridge, and many all-pass networks of this 
type exist. However, they require either a 
balanced source drive or a succeeding cir- 
cuit with balanced input, which is usually 
inconvenient, so we shall concentrate on 
the unbalanced forms. These often contain 
centre-tapped inductors, in which the mag- 
netic coupling between the two halves must 
be very close. This is best achieved by bifi- 
Jar winding, in which the coil is wound with 
halfthe requisite number of turns, but with 
two strands of wire insulated from each 
other, of course), and the two half-coils are 


82 

















oO 
Q>1 Star—form 


° 


Figure 63. First-order passive delay 
networks ~ lattice and T-iorm. 

Figure 64. Second-order passive delay 
networks. 

Figure 65. Bridged-T second-order delay 
network, requiring only one inductor. 
Figure 66a. Minimum inductance all-pass 
network as a delay network with Q = 0-7. 
Figure 66b, Minimum inductance all-pass 
network as a delay network with Q = 0-5. 














Gain(dB) 


oO 


Q>1 Deite—form 


Q<1 Centre-topped 
inductor form 





then connected in series-aiding (the start of 
one is joined to the finish of the other, and 
this joint forms the centre-tap). The com- 
ponent values for the T-network are: 





L=2R 

a wise iS R 
Unlike most of the other passive filters we 
have looked at, this one works between 
equal source and load resistances R 


Second-Order Passive 
All-Pass Circuits 

Figure 64 shows examples of second-order 
networks, which also work between equal 
source and load resistances FR, The two cir- 
cuits for Q>1 are obtained by applying the 
star-delta theorem to the capacitor Is, 
and the delta form often gives lower (and 
therefore cheaper!) capacitor values. 





Phose(*) 








Delay 


Phose(") 
5 400uS 
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However, if Q<1, these circuits require 
negative capacitors in the shuntarm, which 
is something of a disadvantage, so the alter- 
native circuit with the tapped inductor is 
used instead. 


‘The component values are as follows: 








=2R = QR 
= a0 eo, 
Ba ae OO, 
= OR S= oR(Q-) 
Ce Cc. CC» 
2C+Cy 2C,+Cp 




















_= OR 

20, 

=_Q 2 
O3= Fa OOo 


Itcan be seen immediately (1) that LC, = 
LC, = V@;, so that both arms of the net- 
work are resonant at @;. 

There is a simpler type of second-order 
network, which works between a (theoret- 
ical) zero-resistance source and an infinite 
load, and is shown in Figure 65. This is the 
bridged-T circuit that we met before as a 
notch filter, but with different component 
values the ‘notch’ can be of negligible 
depth, The component values are: 











and the LC circuitis parallel resonant at @,. 
Actually, we usually start from the delay 
required at DC and low frequencies, and 
wwe saw previously that: 


{ones = aor 


so we can use this to get rid of @,, giving: 


ou Viet 
8h 


and, what is more interesting: 
toc 
independent of Q. 


L 





Examples, for Q, values of 1/ \2 and 05, of 
the amplitude, phase and group delay 
responses of this type of delay network with 
a ratio of load to source resistance of 1000 
are given in Figure 66. It can be seen that 
the amplitude response is quite flat in the 
frequency range where the delay is practi- 
cally constant, but is not flat over a wider 
range. Also, the phase tends to be propor- 
tional to the log of frequency at high fre- 
quencies, whereas the constant delay atlow 
frequencies implies that the phase is pro- 
portional to frequency in this range. 

For use as phase-correctors for low- or 
high-pass filters, much higher Q.values are 
usually required, because the delays intro- 
duced by these filters (except Bessel and 
low-order Butterworth filters) peak up con- 
siderably in the region of the corner fre- 
quency. Unfortunately, there is no precise 
design method for phase-correctors, so 
either trial and error has to be used or 
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computer-aided design, which can give 
least-square error approximations, usually 
much better than the alternative. 


Active All-Pass Networks 
These are interesting because of the insight 
they give into what is going on, whereas the 
passive circuits defy intuitive analysis (to 
ordinary mortals, anyway). The funda- 
mental approach of the active circuits is 
shown in Figure 67, where the box labelled 
T(s)is a passive filter. It can be seen that the 
unfiltered signal is subtracted from twice 
the output of the passive filter. 


First-Order Networks 

If T(S) is a first-order low-pass filter, with a 
transfer function of the form 1/($+ 1), then 
the overall transfer function is: 








which is a first-order all-pass function. It 
differs from the passive circuit in that this 
one gives a leading phase-shift, but rest 





Figure 67. Basic active all-pass network. 
Figure 68. First-order active all-pass 
networks. 

Figure 69. Principle af producing a 90° 











phase difference over a wide frequency 
range. 
o+ 0 
T(s) 
Figure 67. 
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assured that it does not predict the future 
by having a negative group delay! The pole 
co-ordinate and ‘corner frequency’ are 
given by: 


a= 


CR 
and the phase response is: 
(wa) = 2 arctan (@RO) 


An example of this sort of network is shown 
in Figure 68. By making R variable, a vari- 
able phase-shifter is obtained (but there are 
better ones). The group delay is given by: 


2RC 
(@RCF +1 


which is equal to 2RC at zero frequency. 


If the J(s) network is changed to a high- 
pass filter, an all-pass network is still 
obtained, but this one has the same lagging 
phase shift as the passive circuit. The group 
delay is the same as for the leading phase- 
shift circuit. 

It is also possible to make second-order 
active circuits, by making 7(s) a band-pass 
filter, but the variations and complications 
are too diverse to go into in this article. 


Wide-Band Audio 90° 
(Quadrature) Phase-Shift 
Networks 


These are a sort of ‘opposite’ to delay net- 
works, in that we are trying to stop the 
phase varying with frequency and remain 
at 90°, It turns out that getting 90° in one go 
is more than a little difficult, but it is possi- 
ble to make two all-pass networks whose 
phase-shifts differ by nearly 90° over a wide 
frequency range. This results in less com- 
plex circuits, because we do not usually 
care about maintaining any particular 
phase relationship between the outputs 
and the input signal, as long as the outputs 
differ in phase by as near to 90° as we can 
afford to get. 

‘The basic concept is shown i in Figure 69, 
where T/A) and T(B) are cascades of first- 
order all-pass networks. If you think that 
this implies quite a lot of circuitry, you 
would often be right: to get less than 1° 
error over a frequency range of 1000:1 
requires ten sections. If 7° error is accept- 
able, as it may be for some surround-sound 
applications, the number of sections 
reduces to six, so the whole thing could be 
built with three dual op amps. It seems 
unlikely that anyone (except a coil manu- 
facturer) would favour a passive solution, 
with six centre-tapped inductors. Ifwe are 
going to make such a device for surround- 
sound, the working bandwidth is 20Hz to 
20kHz. 

‘There is no direct method of exact design 
by calculation. Books on filters design list 
the optimum pole locations (for various 
bandwidth ratios and tolerable errors), 
such as those originally published by S.D. 
Bedrosian in 1960. In our case, the opti- 
mum (least phase error) T(A) normalized 
poles are at 43-4, -2-02 and -0-12, while 
the 7(8) poles are at—8-34, 0-45 and -0-023. 
The zeroes are, of course, at the corre- 
sponding positive points, since the net- 
works are all-pass. 
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To denormalize the pole locations, we 
use a frequency scaling factor ‘2PIEF’ of 
2n\20 * 20000 = 3974, and multiply all 
the above values by it. We then use one of 
the design equations for the all-pass circuit 
of Figure 68a: 





where Ais the denormalized pole location, 
and either R or C can be chosen to be a 
convenient value (provided that it results in 
the other component also having a conve- 
nient value). The resistors R, in Figure 70 
can also be chosen for convenience, and 
10kQ is often suitable. The op amps can be 
as primitive or as sophisticated as you like. 
The resultant amplitude and phase 
responses are shown in Figure 71. 





-3dB/Octave Networks 


The most common application of these is 
for the conversion of white noise into pink 
noise. White noise is so named by analogy 
with white light — it has equal energy or 
power in each unit bandwidth. Clearly the 
overall bandwidth cannot be infinite, since 
implies infinite total energy. So all 
noise is in fact ‘band-limited white 
noise’. This is the form of noise that is the- 
oretically easiest to generate electronically. 
The thermal noise due to the vibration of 
atoms in any conductor at any tempera- 
ture above absolute zero is white noise, but 
this is not often used as a source because 
it has very low energy at room tempera- 
ture. At radio frequencies, the traditional 
source is a diode valve (tube) with a directly 
heated cathode: the anode current has a 
noise component which is predictable 
from the cathode temperature and thus 
(after ini calibration) from the filament 
current. The most convenient semicon- 
ductor source is a true Zener diode, which 
is one having a breakdown voltage less than 
6-2\. Those with a higher breakdown volt- 
age are properly called ‘avalanche diodes’ 
and have less useful noise characteristics. 
Strictly, the noise current component of a 
Zener diode includes a component 
inversely proportional to frequency, below 
some process-dependent corner fre- 
quency, so for the most accurate sources, 
the difference between the noise currents 
of two diodes of the same type (and prefer- 
ably the same batch) is used as the source. 

Continuing the analogy with the spec- 
trum of visible light, red noise has a spec- 
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Figure 70. 20Hz to 20kHz 90° phase- 
difference networks. With the same signal 
Soing in, the phase difference between the 
output signals is within 7° of 90° aver the 
audio frequency range. 

Figure 71. Amplitude and phase responses 
of the 90° phase-difference networks. 





trum which falls at 6dB/octave, while that 
of blue noise rises at 6dB/octave. Blue noise 
is produced by an (ideal) FM receiver with 
no input signal and no de-emphasis. For 
electroacoustics, noise that has equal 
energy or power in each unit fractional 
bandwidth (such as each octave, ‘s-octave 
or ‘ig-octave) is fairly representative of real 
audio signals, although as usually gener- 
ated it has a significantly different proba- 
bility distribution, but that may be a subject 
for the future. This sort of noise is called 
pink noise, and to produce it from white 
noise we need a special form of filter. 
Since even a first-order filter has a stop- 
band slope of 6dB/octave, we clearly need 
some form of ‘degraded’ first-order net- 
work. There are two ways of approaching 
this. We can try to make an impedance that 
falls at 3dB/octave, which, when supplied 
with a constant current, produce a voltage 
falling at the same rate. This is called the 
“two-terminal solution’. We could instead 
try to make a real filter, with distinct input 
and output terminals, so that feeding a 
white noise voltage in produces a pink noise 





















oO 





voltage at the output. This is the ‘four ter- 
minal solution’. 1 don’t think there is much 
to choose between them but the two-ter- 
minal solution seems to be more popular 
commercially. So we will look at that form. 

If we put a resistor in series with the 
Zener diode (or the output of the differ- 
ences), we get a while noise voltage across 
it. If we connect a capacitor across the 
resistor, we get red noise. What we have to 
do is to put a resistor in series with the 
capacitor, to reduce the slope of the 
response curve. This gives us a response 
with astep in it. By connecting such AC cir 
cuits in cascade, we get a series of steps, 
which look as if we could get our 
3dB/octave slope. Butwhere should we put 
the corner frequencies of the RCnetworks? 
Quite a lot of mathematics is required to 
find the distribution giving the least-square 
error. (Squaring the ert allows us to 
treat positive and negative errors as equally 
significant, instead of tending to cancel in 
the calculations.) Good results can be 
obtained by distributing the cor'ner fre- 
quencies as geometric means between the 
limits of the bandwidth of interest, how- 
ever. Now, the concept of one geometric 
mean is fairly well known: it is \ 7,7. The 
idea of several geometric means perhaps 
belongs to the past, such as O-level maths 
of forty years ago. The n-1 geometric means. 
between /; and /: are \(7,/2)', where k 
takes integer values from 1 to (n-1). For 
example, the note frequencies in the 
equally-tempered scale in music are found 
by inserting 11 geometric means in an 
octave —a frequency range of 2:1. Thus the 
ratio of the frequencies of any two adjacent 
notes (whether black or white) is *)2 = 
1-05946 ... 

Applied to audio, our band limits are the 
usual 20Hz to 20kHz, but we have to widen 
this a otherwise the errors at the band 
edges are rather too large. A range of 6-3Hz 
to 63KHz (1:10000) is suitable. Now, we do 
not want the impedance at the low-fre- 
quency end to rise indefinitely, because this 
would produce a very large output voltage 
at very low frequencies, which could over- 
load subsequent circuits, so we start our 
network with a resistor rather than a 
capacitor. Nor do we want the response to 
continue at a constant level above the 
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which comes to 100nF very nearly. The next 
1OOnF 40.0nF 15.9nF 6.35nF value to find is that of R., which is equal to 


Ca iettay atay ae wy 





the reactance of C, at the next frequency, 


which is 39-75Hz: 
Ul well eal] 631k el 2.5307 
ut 
o Rz 


2nfC, 











This is 39-8kQ, which is also equal to 
100kQ/r, so we can find all the resistor 
values by dividing the previous value by 
impedance(da) f. Similarly, the capacitor values are also 
100,000. = in the ratio f, so the values are: 


20.000) 





80,000: 








70,000 





60,000. 
























upper band edge, because this stray energy | Figure 72. Network whose impedance falls ‘There is no point in specifying the values 
also might produce unwanted effects, so at 3dB/octave 20Hz. to 20kHz. to more than three significant figures, 
\wewant our network to finish witha capac- | Figure 73. Impedance and phase angle because greater accuracy makes almost no 
‘ s ‘ ETT ae oe, characteristics of the -3dB/octave network. " a HRS 

itor (with no resistor in series with it). This difference to the results, which are shown 


we can do by pang a odd number of 





= in Figure 73. The response is within +1dB 
from 20Hz to 20kHz. 





give a quite accurate resp to be equal to the value of A, which is 

between adjacent frequen conveniently 100kQ, so: a 

2-512, so the first geometric mean is at | Next Time 

63 % 2-512 = 15-82Hz. At this frequency, | Next month, it will be time to look at filter 
we want the reactance of C, (see Figure 72) design software. 
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Above Right: The 
assembled PCB. 


Right! The PCB can 
be neatly housed 
in a plastic box. 


Specification 59 4 FEATURES 


Timing 
Slow dimmer mode; 2 seconds to 1 hour, adjustable Two working modes: slow dimmer 
Timer/dimmer mode: 1 second to 30 minutes, & timer/dimmer : 
independently adjustable 
Supply voliage range: 220 to 240V 50Hz 220 to 240V AC, 110 to 125V AC & 
110 to 125V 60Hz m 24V AC operation 
24V AC 50 or 60Hz . 
Maximum load: 2A resistive = (400W at 220, - Does not require separate PSU 
at p) A 
Dimensions of unit: 95 x 70 x 30mm ; Drives loads up to 400W 
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On/Off 
switch 














Up/down 
counter 


D/A 


converter 














On/off dimmer 
(operation select) 








Off dimmer timer 


‘ON’ 





Figure 1. Block diagram. 


Circuit Description 


Figure 1 shows a block diagram of 


2, PB’ Push-Bution) and SW’ are 

the’ and ‘ON/OFF switches 
controlling the circuit. Capacitors 
C3 and C4 are included for switch 








rogrammabie 4-bit up/down binary 
which are cascaded and 

J clocked to form one 

8-bit up/down counter. The counter 

‘s started by the switches, and aclock 

fee {s supplied by a clock source 
IC2a, b, c & d. IC2,. a 

Bay 2 Anpul cue quad Schmitt triggered 

NAND gate, and the surrounding 

components: ‘around the gates, 


Important Safety Note 


Because of the variation of 


Jecormmendatfons G76 made: 
If the final unit is din o plastic 

case (as we recomm " 

Parts List), then Class I 

construction techniques must be 

employed and the-mains connections 

must comply with Class i requirements 


Every possible precaution 
taken to avoid the risk. 








oscillator 


‘DIMM’ oscillator _ 


form two separate gated oscillator 
circuits, controlling the ‘ON’ and ‘OFF’ 
dimming times; the timing periods 
are determined by R6, RV3 & C8 and 
R5, RV2'& C7 respectively, The timing 
periods can be adjusted with the aid 
of RV2 and RV3, or by fitting different 
values for C7 & C8, 

A control line, involving IC2a (as 
an inverter) and originating from 
SW (ink J1) or 1C4 Q3 (pin 2, link J2), 
selects one of the oscillators by 
disabling the other, 

In either case a total count of 255 
pulses is needed to completely cycle 
the 6-bit counter, During this time the 
counter will change over oscillators 
when it passes the 128 pulses point, 
if Timer/Dimmer mode {s chosen, 

‘but will stop completely at terminal 
count’ (Le. at count 256 or ‘carry out 
(C4 CO, pin 7, goes low). In the latter 
case IC4 CO will turn on T2, which will 








clamp the clock line to VDD and halt 
the counter. 

The resistors R15 to R30 form a 2R2 
ladder network, making up the D-to-A 
converter block shown in Figure 1, 
The output from this goes direcily to 
IC}, which converts the analogue 
voltage into phase-angle control for 
triac TR1, which controls the mains 
current to the load. Capacitor C10 
is used to average the D-to-A signal, 
and the resultant voltage applied 
fo pin 6 of IC1. 


Slow Dimmer Mode 


In detail, then, closing SW will set IC3 
& IC4 in. an up counting mode; the 
1C2d oscillator will be enabled and 
1€2c oscillator disabled (ink J] fitted), 
IC3 & 4 will then count the clock 
pulses from IC2b. 











‘When the maximum ‘up’ count has 
been reached, the Carry Out of IC4 
Switches on T2, inhibiting the Clock 
inputs of IC2 & IC3 thus preventing 
the counters ‘rolling over’ to 0000 0000 
@inary), 

Opening SW will enable the IC2c 
oscillator and disable the IC2d 
oscillator. IC3 & IC4 will also change 
tothe ‘down counting mode, and 
the Carry Out of both counters will 
change siate. T2 will then be switched 
off, allowing clock pulses from the 


oscillator to be received again: IC3 & 
C4 will then count down to 0000 0000 
inary). 


Timer/Dimmer Mode 


1C4 & ICS are programmable type 
devices, so that pushing PB will load’ 
the preset number (binary 1111) 

on pins 3, 4, 12, 13 into the internal 
Tegisters of both IC3 & IC4. Thereatier 
each clock pulse will decrement the 





Important Safety Note 
Since the entire circuit ts directly 
connected to the mains supply, 
wiring to SW & P3 and switches used 
must be suitable for mains operation 
and fully insulated. 








counters until a count down of 
0000 0000 is reached. 

The high logic level from the Most 
Signifigant Bit (VSB), Q3 of IC4 is used 
to enable the IC2d oscillator (link J2 
fitted); the ‘on’ time of the light before 
dimming is 128 clock cycle periods 
of the IC2d oscilator; the MSB output 
will then change state, and the IC2c 
oscillator will be selecied. 

Fitting a wire link in place of 
R30 and a diode in place of R23 in 
the timer application ensures that 
VDD (minus the diode voltage drop) 
is applied to pin 6 of IC] (thus 
Maintaining the light at maximum 
brighiness), until Q3 of IC4 changes 
siate, 

IC] is a TEA1007, a specialised 
dimmer chip, Pin 6 is the voltage 
control input; pin 5 of the IC is used 
fo monitor the mains supply for 
synchronisation of the output (pin 2) 
which then drives the thyristor TR1 





/) 
Sy0K/ 


(the load {s connected between 
P &N); the preset RV] is used to set 
the minimum brightness, either to 


TDk, 
Bk2 











1N414B 






































100k 


vop R12 
































Figure 2. Circuit diagram. 








preheat level (to minimise thermal 
shock); or, (when used in communal 
corridors) set at a higher level as 
a security measure to discourage 
people lurking in the shadows. 
Astabilised voltage supply for the 
Circuit is derived with the aid of the 
components D1, D2, 2D1, Tl, R4& R14, 
with supply decoupling provided by 


Additional 
Construction Notes 


The leaflet supplied with the kit 
provides more detailed instructions, 
but the following additional 
information is particularly relevant. 

Except for initial setting up, on 
no account must power be applied 
to the circuit with the lid removed 
from the box. as mains voltage is 
potentially lethal. The mains must, 
therefore, always be treated with 
the greatest respect. 

If in any doubt as to the correct way 
to build or use this unit, seek advice 
from a suitably qualified engineer. 


Working Voltage 


Fit a 1N4148 type 
diode in pi 





Itis necessary to decide whether 
the unit is to operate as a timer or 
dimmer, and to follow the correct 
instructions as applicable. Another 
decision that will have to be made 
at this stage is what voltage the device 
is torun at, either 24V, 115V or 230V. 
Some resistor values will have to 
change depending on which voltage 
and operating mode fs chosen, Table 
l shows these values. 

Having completed the above, 
the next stage of construction can 
be carried out. Assembly is more 
detailed in the kit instructions, 
but the following sequence is 
recommended; start with the 
smallest components first, working 
up to the largest components. 

Fit the wire links marked J, followed 
by diodes (note polarity), resistors, 

IC sockets, variable resistors, and 
capacitors (note polarity of all 
élecirolytics). Also note that the 
values of C7 and C8 can be changed. 


Figure 3b. Box drilling details. 








Blanking Plate 







































































‘All dimensions inv millimetres 
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to lengthen the on/off times, see 
Table 2. 

Next larger items like the screw 
terminals can be fitted, followed by 
transistors and ICs, It is a good idea 
to leave the semiconductors until last, 
to minimise the risk of heat damage 
while soldering other nearby 
componenis on the PCB. 

Finally, because the unit may be 
required to handle high voliages, 
spray the board with conformal 
coating after cleaning with PCB 
cleaner. 

We advise that the unit should be 
enclosed in a plastic box for electrical 
safety, and Figures 3a and 3b show 
drilling details for the recommended 
box (see Optional Farts List), and also 
an optional surface pattress. 


In Use 


This device has so many potential 
uses I don't think that it is possible to 
mention them all here. With the two 
modes of operation the device can 
be used as either a dimmer or a 
timer, for applications such as: 
Dimmer - Switching a light on and 
Off softly, this could be useful for a 
bedroom, an aquarium, aviary or 
controlling a slide projector lamp, 
and bringing a small motor or fan 
slowly to full speed (maximum current 
2A). The 24V capability is ideal for 
small lamps and motors of this type. 
See Figure 4 for modifications to 24V 
operation. 





Figure 4. Modification 


tes operation. 


‘Timer — Switching on fully and 
dimming over an adjustable period. 
of time. This could be useful for 
bedrooms, siair-wells, passages, 
garages. Also to control an extractor 
fan for toilets so that when the door 
is opened the fan starts up for a set 
amount of time. 

Ifit is necessary to change or 
lengthen the dimming times then C7 
and C8 can be exchanged for larger 
values (See Table 2), It the device is 
‘used as a timer, several push switches 
can be connected in parallel, which 
‘would be useful if the device was to 
be used on a staircase (e.g., push 
Switches at the top and boifom). 

Figures 5 and 6 show application 
examples. Figures 5a to 5c are for a 
mains powered light dimmer, while 
Figure 6a and éb show examples for 
24V lamps, G 
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Slow on/Slow off Dimmer 





Ofi-Time 


On-Time 





2 sec to 30 sec 


2sec to 30 sec 





30 sec io 5 min 1QuF 


30 sec to 5 min 





5 min tol hr 


10QF 


5 min tol hr 








Timer/Dimmer 





C7 


Off-Time | 


On-Time 





uF 





lsectol5sec | 1uF 


1 sec io 15sec 





1Q.F 


1Ssecto25min | 1QF | 


15 sec to 25 min 








10QuF 





25min to30min | 10QuF 


[___ 25min to 30min 





Table 2. Modifying the on and off timing components. 


VELLEMAN K2657 





Figure 5a. Wiring for slow on/off dimmer. 





VELLEMAN K2657 
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VELLEMAN K2657 








Figure 6a. Wiring for dimming a 24V 
halogen lamp without modification. 


Miniature 470k Preset 


CAPACITORS. 

cl 4n7F Ceramic 
¢c10 Au7F Electrolytic 
C2-4 100nF 

cs 1QUF Electrolytic 
cé 10QuF Electrolytic 
C7-9 uF Electrolytic 


SEMICONDUCTORS 
DI-3 IN914 (1N4148) 
1N4004-6 


451 
IN914 (1N4148) 
MISCELLANEOUS 


@-Pin DIL Socket 
16-Pin DIL Socket 
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MODIFIED. 
K2657 














Figure 6b. Wiring for dimming a 
projector lamp or 24V halogen lamp. 


14-Pin DIL Socket 
PCB 


Leafiet 
Constructors’ Guide 


OPTIONAL (Not in Kit) 
PB Push-Bution Switch 
sw Miniature Toggle Switch 


1 
1 
1 
1 
1 
1 
1 


Pattress Blanking Plate 


The Maplin ‘Get-You-Working Service is available for 
this project, see Constructors’ Guide or current 
Maplin Catalogue for details. 

The above items (excluding Optional) are 
available in a kit form only. 
Order As VESIF (Slow On/Off Dimmer Kit) Price £15.99 


Please Noie: Some paris, which are specific to this, 
project (e.g., PCB), are not available separately. 
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Tremember when they 


didn’t put all the 


° 


Chemistey now to 
understond them 


A Spark(l)ing Time was had by All 
PC is writing this on 23rd December in the 
evening, nearing the end of the annual 
fun-up to Christmas, and having just put 
the Ferranti TESVAC away. “The what?”, | 
hear you say? Well, its a complicated story. 
A few months ago, PC started a contract 
of indeterminate length as an analogue 
electronics development engineer with a 
company producing products based on 
state-of-the-art electronic technology. 

As the end of the last working day before 
Christmas loomed, like in most firms, 
people gathered in little knots, discussing 
the weather, the economy, what they 

were going to do for Christmas — in fact, 
anything but work. Despite being a ‘new 
boy’ at the firm (although older than most 
of the other employees, including the 
bosses), this was PC's cue for providing 

a little light diversion, The necessary 
wherewithall had been prepared the night 
before, and people were soon gathering 
round gawping at a notice PC had pinned 
up, saying “Official CMOS Testing Station.” 


Test your CMOS here TODAY! 

The TESVAC was switched on, and made 
its usual fiery buzzing noise, accompanied 
by a strong smell of ozone, as the corona 
discharge from the business-end of the 
hand-held, pokerlike probe fized away. 
PC demonstrated that it was quite safe 
by drawing an inch-long spark to the tip 
of the index finger of his other hand, while 
the bystanders backed away nervously. 
Astonishingly, no-one offered their CMOS 


Inpeadients ona Tabel~ 
you need a degree in 


‘T dont: Know whether 


T prefer Knowing of 


nor Knowing L still 
don’t Know what I 
am drinkg. 


components for testing, which is perhaps 
@s well, though one brave soul held out his 
forefinger, and was duly sparked. 

The original purpose of the TESVAC was 
(as its name implies) for testing laboratory 
glass vacuum systems for leaks. Waving 
the business end over the glasswork 
pinpoints that annoying leak which 
Prevents you achieving as strong a vacuum 
@s you want or need. At low pressure, the 
breakdown voltage of air is greatly reduced, 
So the corona lights up the air inside the 
vacuum system in pretty purple streamers, 
emanating from the site of the teak. But 
all this was news to most of the engineers 
standing around, who had not led as 
varied a life as PC. Even so, when PC first 
Came across the TESVAC (found by some 
@pprentices on the rubbish dump of 
another firm, some years ago), it took him 
@ moment or two to realise what it was. 
For it is clearly of a pretty ancient vintage, 
much more so than the Edwards’ vacuum 
testers he had used at The Central 
Research Labs of the firm that made 
‘Everything Electrical’, back in the "50s. 


You Are What You Eat 

We're all very conscious of what we eat 
nowadays, and rightly so. Apples withskin 
covered in pesticide residues may or may 
not be bad for you — who knows? — but 
one would feel happier eating apples not 
so treated, even if the price to be paid 
were the distinct possibility of coming 
across a maggot of the Codling moth 
happily chomping away inside your apple. 


And we could all do without rashers of 


bacon that have been pumped up to twice 
their size with injected water, and which 
sizzle back to their original shape as soon 
as they are put into the frying pan. Should 
we feel comforted and relieved to see that 
@ food product contains only permitted 
additives, all of them bearing ‘E’ numbers? 
His ‘N-level chemistry of forty years ago 
being by now somewhat rusty, PC was 
nevertheless surprised and concerned 

that a leading brand of free-running table 
Sait contained not only Sodium Chloride — 
common sait — but anti-caking agents, one 
of which is Sodium Hexacyanoferrate Il, 
whatever that is. As a simple electronics 
engineer, PC is deeply suspicious of 
anything containing a cyano- group. At 
school, a common quip among lads in 

the maths and science sixth form (not 
appreciated by the arty types in history and 
languages) was that the ultimate cure for 
headaches was a dose of KCN. An ultimate 
cure indeed, being the Potassium salt 

of Hydrocyanic acid, or Prussic acid to 

you, the stuff of a dozen whodunnits. 

But doubtless PC's fears are unfounded, 
and Sodium Hexacyanoferrate II is totally 
harmless, even beneficial — still, one 
cannot help wondering, After all, not so 
long ago, carbohydrates were the curse 

of mankind, according to the nutritionists 
— the same ones, doubtless, who now 

urge us to eat them instead of other foods. 
And when first introduced, to this county, 
smoking was hailed as beneficial in all 
sorts of ways, and much to be encouraged, 
especially amongst the young! 





Tailpiece 

In our democratic society, our elected 
representatives in Parliament not only 
cover political aspects from far left to 

far right, but are drawn from a variety of 
professions — for most had some other 
job before becoming MPs. Thus, there are 
ex-lawyers, doctors, trades union officials, 
barristers, etc, etc, But presumably there 
are few engineers, as pronouncements 
from various MPs make clear. One classic 
piece of misunderstanding is illustrated 
by a politician who was recently reported 
as claiming that it was @ scandal that far 
more than half of the population eamed 
less than the average wage! Us engineers 
realise that this is bound to be the case, 
simply because no-one can eam less 
than nothing, whilst for the really able (or 
lucky), the sky's the limit. This pulls up the 
average far more than the remuneration 
of the poorest paid workers can pull it 
down, Put more formally, the incomes 

of individuals is a case of a Rayleigh 
distribution, not a Gaussian normal 
distribution. PC half expected an astute 
member of the opposite party to reply,” 
claiming that under their benign guidance 
of the economy, no fess than half the 
population actually eamt more than the 
median! 


pata (oie 


The opinions expressed by the author are nxt necessanly 
those of the publisher or the exitoc 
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Another exciting project for you to build 
Don’t miss out! This major project has been previously featured in 
Electronics - The Maplin Magazine and is included in the 1995 catalogue. 


FEATURES 


* Easily programmable 
from BASIC 
Expandable to 32 boards 
by ‘daisy chaining’ 

Large viewing area 
Visible in all lighting 
conditions 

Programmable scrolling in 
all directions 

Facilities for fade up/down 
Programmable ‘fizzle effects 
Direct pixel addressing 





DISPLAY SYSTEM 


Now you can build a sophisticated Moving Message Display 
System similar to those widely used in shop windows, post 
offices, railway stations, airports and many other public 
places, for information or advertising. The system is modular for speed _ 
and can be expanded up toa maximum of 32 Display Modules $ * Easy to build 


HEN & KH * 


giving a display length of 2-6m! 






























APPLICATIONS 

* Shop/Store displays 

% Public Announcements 
* Attention grabbing! 

* Special Effects 


The minimum configuration is a single 
Display Module, LT21X. Decoding of 
the 8-bit control portis required for 
more than one display module, and 
this is performed by a Controller Module, 
LT22Y, one being required for each pair 
of Display Modules. Control is by means 
of a suitable computer; any type will 

do, provided it has two 8-bit, plus 
one 2-bit, parallel latching output 
ports. For example, the Intel 
8155 and 8255 PPls 
(Programmable Peripheral 
Interface) or an IBMPC > 

fitted with the . 
Maplin 24-line PVO 


> 1T21X - Moving Message 
Display Module Kit, £32.99, 
LT22Y — Moving Message 
Display Controller Kit, £16.99. 
LP12N—PC PVO Kit, £22.99. 
XL57M — Software Disk Skin. 
360K, £9.99. 
Unpopulated PCBs for the display and 
controllers are available separately: 
Control Logic PCB; GH28F, £9.99. LED PCB; 


card, LP12N. GH29G, £3.29. Controller PCB; GH31J, £9.99. 
/ 

| | 

PROJECT . / 

PROWEET = Where can 


From the software point of view. 


Phone 01702 55291 for futher detais. For af Mail Order purchases acd £1.50 
Ap. Al toms are subject to evallabity, Prices incude VAT. 


itt, The positive force in electronics 


CREDIT CARD HOTLINE 0702 554161. Mail Order to: P.O. Box 3, Rayleigh, Essex, SS6 8LR. 


Photo 1. Collecting samples for 
the Sea Grant Marine Chemistry 
and Pharmacology programme. 


DI glas Clarkson 


The world’s oceans are, in the final analysis, acting as a vast moderating 
influence on the climate of the land surfaces. While understanding the 
tole of the oceans in maintaining a stable eco-system above the waves has 
developed considerably, new discoveries require a continual restructuring 
of theories of how the oceans determine the point of balance of so many 
vital systems of environmental equilibrium. 


NE Rey factor, for example, is how the 
O world’s oceans can absorb excess 

carbon dioxide which is released due 
to the continued practice of cutting down 
tain forests and burning fossil fuels, Itis going 
to be vital to predict accurately global CO. 
levels and assess associated patterns of climate 
change. It may be that the very changes 
brought about by global warming significantly 
affects the rate at which CO, is absorbed by the 
oceans from the atmosphere. This could mod- 
erate the ‘greenhouse’ effect or accelerate it 

There are numerous long established 
research stations around the world engaged 
in Marine Research’. There is also a growing 
awareness of the importance of research 
related to the world’s oceans. This is due to 
a mixture of both environmental and econ- 
‘omic interests. 

Modern technology has also revolu- 
tionised the way in which data can be col- 
lected and processed. Extensive satellite 
monitoring of sea temperatures and sea 
levels around the world can now be under- 
taken ‘effortlessly’ by satellite. However. 
marine studies also require study at the 
microscopic level in the ocean depths — so 
that the powers of investigation need to 
explore things on a vast scale, and also at the 


& 





level of the smallest living organism in the 
deepest recesses of the oceans. 

Ocean research is very much at the core 
of scientific research in the USA. It is realised 
that the deep ocean floor is littered with nod- 
ules of manganese and other metals: also, 
the ocean is a vast store of genetic diversity. 
While every effort should be made to pre- 
serve and conserve the genetic diversity of 
the world’s tropical rain forests. there are 
equally strong, if not stronger arguments for 
maintaining and exploiting the genetic diver- 
sity of life in the oceans. Large research 
organisations. however. tend to grow from 
the smallest of beginnings — such is the 
history of the Scripps Institution of 
Oceanography. 


The Scripps Institution 
of Oceanography: 

The Beginning 

In 1885 William Emerson Ritter left his native 
Wisconsin to teach biology at the emergent 
University of California in Berkley. He intro- 
duced the concept of summer camps along 
the Los Angeles and San Diego shores to 
study marine life in the shore and rock pools, 








Ritter was able to persuade the local com- 
munity. in particular E. W Scripps a news- 
Paper publisher, that a local permanent 
laboratory would be a good idea. The bio- 
logical research enterprise was launched at 
La Jolla some 13 miles north of San Diego in 
1905 with five professors and five graduate 
students and a budget of $100,000. Some 90 
Years later, this embryonic facility had grown 
toa staff of more than 1,200, and a budget of 
around $80 million. 


The Evolution of Scripps 


While the initial Scripps site existed as a 
scientific outpost in a largely underdeveloped 
sector of California, it is today encroached 
upon by urban sprawl. This in a way high- 
lights the significant influence of man on the 
planet in general, to such an extent that emis- 
sion of greenhouse gases and chemical pol- 
lution in the sea is now having a critical effect 
upon life everywhere. Present awareness of 
problems, however. is taking place against a 
significant lack of understanding of the 
impact of man’s activities on the world’s 
Oceans; never before has there been such an 
urgent need to know more. 

The present site at La Jolla consists of 65 
buildings on a 230 acre site of Pacific shore. 
One of the more recent additions to the facil- 
ities is the Stephen Birch Aquarium-Museum 
— designed in order to give the public an 
appreciation of the diversity of life in the 
oceans — and the relevance of preserving it. 

It is difficult to appreciate the range of 
research activities being undertaken within 
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Scripps on account of the scale of the organ- 
isation. Some activities within the major Photo 2. Members of the team involved in determining species of marine 
groupings are described to indicate the gen- fife for investigation. ‘on safari’ to collect specific samples. 

eral nature of work undertaken. 


Marine Physical Laboratory 

A key research project undertaken by this 
group was LEADEX — LEAD EXperiment 
where the effect on local climate of ‘leads’ or 
breaks in the arctic ice was investigated. The 
arctic ice reflects back into space a significant 
amount of incident solar radiation. If the arc- 
tic ice began to shrink due to the onset of 
global warming, then this trend could be 
accelerated as higher levels of solar radiation 
were absorbed by seawater. A specialised 
multi-beam Doppler system operating at 
195kHz was used to measure current flows 
within ‘leads’ which appeared in the arctic 
ice. This work has allowed a better evaluation 
of the effect of global warming on the arctic 
ice-pack. 





Acoustic Daylight Imaging 
While the waters of the world’s oceans rapidly | 
absorb light. below about 1,000 metres a per- 
manently dark world begins, the same waters 
are filled with ambient acoustic noise pro- 
duced by the continual activity of the break- 
ing waves on the ocean's surface. The source 
of this noise is principally. the oscillation of 
bubbles in foaming water. Workers in this field 
draw a parallel benween the scattered light of 
daylight and this ‘ambient noise’ which exists 
in the darkest and deepest oceans. 

The Ocean Acoustics Group of the Marine 
Physical Laboratory at the Scripps Institution 
of Oceanography are developing systems 
that will process the reflected acoustic noise 
from objects in the sea, and reconstitute 
images from them. 

Such a development has very significant 
implications for scientific programmes in deep 
sea studies and commercial applications such 
as bottom prospecting for mineral deposits 
and surveillance of offshore structures such as 
oil drilling and production platforms, There 
are undoubtedly major applications in naval | f 


Physical Oceanography 
Research Division 

One of the key factors very much determin- 
ing states of balance of global weather pat- 
terns is air/sea gas exchange — extensively 
researched by this division. It is now under- 
stood that transport of inert climate-relevant 
gases such as carbon dioxide and methane is 
controlled by a very thin boundary layer 
only between 30 and 300 microns thick on 
the top of the ocean. This is the region within 
which gas exchange takes place. 

While gas transport is increasing with 
increasing wind speed, the effect of wave size 
and wave action, and breaking waves and the 
presence of bubbles, has been difficult to deter- 
mine. However, new techniques using tracer 
gas such as Hydrogen Chloride, in low con- 
centration of one part per million, and very 
low levels of fluorescein in sea water, has 
allowed patterns of gas transfer to be measured 
accurately in real time. As the gas is absorbed 
across the water/air barrier, the chemical reac- 
tion between the HCl and the fluorescein solu- 





technology where submerged objectssuch as | [MUIMURMUIEICC SIGS circ a Henmnadunes Roticiich is canemeecltkd 
; Lophogorgid pfaducesthecompound | Lsgpecegstiee conan tes nda 
submarines would be able to be detected. It Lonholoyth -aibeted tase charge coupled detector. Such a technique 
may be the case in the future that the old neuromfuschlar transmission which uses state of the art techniques of physics, 
mange ‘run Ban ee may not be suf is widgly used fn iiedital research, chemistry and computer science 
cient to escape detection. 





Such work is important for predicting, for 
example, specific rates of gas exchange as- 
sociated with specific types of surface wave, 
and also wind strengths. The refinement of 
such models will allow better prediction of 
Tates of absorption of greenhouse gases, such 
as carbon dioxide and methane with chang- 
ing weather patterns over the world’s oceans. 


Physiological Researc 
Laboratory e 

Work in this group relates to increasing 
understanding of the physiological function 
of sea creatures. Topics being investigated 
include predicting the change in function of 
various species. e.g., tuna, if significant global 
warming takes place. Extensive work has 
been undertaken with monitoring the respir- 
atory and circulatory system of trained sea 
lions. 


Marine Life Research Group 

ae y Scientific observation of sea life needs to be 
Photo 4. The plant Stypopodium zonale produces a compound with a range of possible undertaken over significant periods in order 
clinical uses, and is being most actively pursued as an anticancer agent_ to differentiate between normal fluctuations 
and long term changes. This group has eval- 
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Photo 5. The Research vessel Melville carri 
Out research in biological, geological, physical 
and chemical oceanography. 
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Figure 1. Operation of the ALACE drifter. Such units are submerged to a specific depth where 
they remain for about 30 days. When they surface again, they transmit their position via 
satellite to the receiving land station. Reproduced by courtesy of Scripps Institution of 
Oceanography University of California. San Diego. 


uated extensive data over the past 45 years 
on the marine life of the waters of the 
California Current which has proved valu- 
able in assessing fish stocks and associated 
conservation policies. A key finding is that 
behween 1950 to 1991 there has been a 35cm 
tise in sea level — associated with an average 
0-8°C rise in the upper 100m of the sea. This 
sea rise is associated with the expansion of 
Water as its temperature rises. There is there- 
fore. considerable importance in determin- 
ing patterns of change in ocean temperatures. 
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Marine Research Division 

This research is engaged in a broad range of 
Tesearch topics. Perhaps the most interesting 
Telates to investigating the genetic diversity of 
life in the ocean for biotechnology —primar- 
ily as a new source of antibacterial agents 
and anticancer drugs. Special techniques are 
Tequired for isolation and cultivation of such 
organisms. Development of skills has made 
it possible to isolate and culture over 4,000 
different types of bacteria and fungi. Specific 
programmes are in hand with Bristol-Myers 


Squibb, to evaluate a range of marine organ- 
isms. To date several hundred such organ- 
isms have been investigated. Iris now realised 
that such micro-organisms are an untapped 
biomedical resource and possibly the source 
ofa significant number of the next century's 
new ‘wonder’ drugs. 

Species in the sea face typically greater 
threats to existence than land based species. 
There is for example, more scope for access 
of predators to vulnerable ies. This has 
led to widespread and sophisticated devel- 
opment of chemical messenger compounds 
@s active agents to repel predators. Such 
compounds are being actively investigated 
by teams at Scripps for medical applications. 

Photos 1 and 2 show activity in collecting 
samples as part of the Sea Grant Marine 
Chemistry and Pharmacology programme. 

A highly developed set of compounds 
include neurotoxins — used by various aquatic 
species to paralyse their prey. One such com- 
pound, lophotoxin, derived from the soft 
coral Lophogorgia, shown in Photo 3, is being 
used by seyeral medical schools to investi- 
gate neuromuscular disease. The compound 
tetrodotoxin (the puffer fish toxin) isa useful 
agent for the study of nerve transmission. 

The brown seaweed Stypopodium zonale 
shown in Photo 4 produces the compound 
Stypoldione which is currently being evalu- 
ated by the Eli Lilly Company primarily as an 
cytotoxic anticancer agent. 

The plant, Lufferiealla has been found to 
contain a compound with anti-inflammatory 
activity. Researchers at Scripps are investi- 
gating its use as a possible substitute for the 
steroid cortisone. 

While very few terrestrial species produce 
compounds containing halogens such as 
chlorine, over 600 halogenated species have 
been identified and variously produced by 
marine bacteria, red algae and sponges. Such 
compounds have similar properties to syn- 
thetic herbicides and insecticides. There is 
considerable interest therefore in assessing 
the usefulness of such ‘natural’ compounds 
for use in place of today’s polluting agricul- 
tural chemicals. 








Climate Research Division 
Almost everyone will have heard the phrase 
‘global warming’. The Climate Research 
Division at Scripps has a prime role of col- 
lating data to examine and predict climate 
variability on time scales of weeks to 
decades. One of the large multi-disciplinary 
projects relating to this topic is Sequoia 2,000 
—a multi-campus University of California 
effort sponsored chiefly by the Digital 
Research Corporation. The project allows 
state wide data collection over networks and 
hardware and software tools for the analysis 
of large data sets. It is hoped that the model 
for climate prediction thus developed will 
identify cycles of natural variation. and also 
any long term contribution based on man’s 
environmental impact through increases in 
carbon dioxide emissions. 





Geological Research Division 

The ocean floor provides a vast area for col- 
lection and examination of rock samples Sea 
floor drilling programmes provide additional 
information about the age and distribution of 
the floor of the oceans. Experimental data 
collected by this unit in terms of physical 
Structures provide insight into mantle and 
crustal evolution — both with regard to the 
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upheavals of the past and future trends in 
crustal activity. One project undertaken 
recently by the group related to assessing 
indicators relating to the activity of Mount 
Pinatubo in the Philippines by examining 
lavas from recent and previous eruptions. 
While most of the work is based on academic 
research. it is linked in many places with eval- 
uating oj] and mineral wealth under the seas. 
This group at Scripps has recently structured 
a Micropalaeontological Reference Centre, 
based on deep sea sediment sequences 
recovered by projects, such as the Deep Sea 
Drilling Project (DSDP) and Ocean Drilling 
Programme (ODP). It is the function of this 
centre to make available to scientists round 
the world, specific extracts from the 
sequences. In time the amount of scientific 
interest in the samples is likely to sample the 
collection out of existence. 


Marine Biology Research 
Division 

This group undertakes research akin to that 
of the Marine Research Division, but with 
more emphasis on theoretical mechanisms 
and with less emphasis on technology trans- 
fer Extensive work is undertaken in revealing 
details of DNA of genes in bacteria from a 
Tange of depths in the ocean, and relating this 
to environmental adaption and symbiosis 
with marine invertebrates, 


Neurobiology Unit 

The Neurobiology Unit at Scripps has exten- 
sively researched the nerve organisation in 
the legendary Coelacanth — the fish which 
lived in the world’s deep oceans during the 
age of the dinosaurs. Such studies now pro- 
vide details of the missing links of evolution 
which saw the development of land crea- 
tures from species that were once ocean 
bound. In many ways the Coelacanth’s 
genetic make-up holds the key to various 
lines of evolution for land based creatures. 


Deep Ocean Currents 

An understanding of ocean currents is vital 
for proper development of models simulat- 
ing and predicting patterns of global climate. 
Surface currents are now readily mapped 
using satellite tracked drifter buoys. There 
are, however, independent currents at 
greater depths below 100 to 200 metres which 
play a major part in determining patterns of 
intermixing of ocean waters. 

The Scripps Institution of Oceanography 
have been assisting in developing and 
deploying devices code named ALACE 
(Autonomous LAngrangian Circulation 
Explorer), Each ALACE device is a neutrally 
buoyant float which drifts with the current at 
a preset depth down to 2,000m_ Initially a de- 
vice is programmed to submerge to a preset 
depth and remain at that level for a specific 
period — typically 30 days. At the end of its 
immersion period the ALACE unit rises to the 
surface and broadcasts a unique identifica- 
tion signal using its 80cm whip antenna. This 
signal is picked up by ARGOS system on 
board a NOAA polar orbiting satellite. Figure 
1 indicates the various stages of deployment 
of ALACE devices. 

After spending about a day on the surface 
the ALACE unit submerges again to its preset 
depth. Researchers collating data from the 
devices are able to measure the speed of cur- 
rents at depth in the oceans. Around 500 such 
units are currently in use — principally in rop- 
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ical Pacific and South pacific. Subsequently 
sensors for temperature and salinity have 
been fitted. Logged data is compressed in for- 
mat by each ALACE’s on board micro- 
processor for transmission via the ARGOS 
Satellite link. 

This development in ‘intelligence’ of 
autonomous units increases significantly the 
scope for data collection from the world’s 
oceans, and is an indication of the trend for 
design and function of such systems. 





Listening to Currents 


Ocean scientists are now utilising ultrasound 
Doppler technology to accurately measure: 
ocean currents. The new type of device is 
called a Acoustic Doppler Current Profiler 
(ADCP). Four beams are typically deployed. 
In Figure 2, nvo beams of ultrasound are 
shown. Micro-organisms (plankton) are mov- 
ing from left to right in the ocean current_In 
A the plankton has a component of velocity 
away from the sound source which results in 
a decrease in scattered frequency. In B the 
plankton has a component of velocity in the 
direction up to the sound source resulting 
in an increase in scattered frequency. The 
degree of the frequency shift is directly pro- 
portional to the relative velocity of the plankton. 
While the ADCP system provides informa- 
tion about the relative velocity of the current 
relative to the ship, there may be inaccuracy 
in determining absolute current measure- 
ments. Use is now routinely made of global 
positioning systems which provide an absolute 
Teference of any net ship motion so that 
absolute current estimations can be made. 


Research Vessel Melville 


While an increased amount of research can 
be undertaken using satellite sensing and 
automated independent sensors such as 
ALACE systems, surface research vessels still 
play 4 unique part in ocean research. 


Acoustic Doppler 
Current Profiler (ADCP) 


Reflected 
(backscattered), 
sound pulses 








First commissioned in 1969 and refitted in 
1992, the vessel is 978 feet long with a dis- 
placement of 3,000 tons, and is one ofthe key 
vessels in the Scripps fleet (Shown in Photo 
5). Because of its specialist design, problems 
arose in the refit, and a planned phase of 12 
months, in fact took 33 months and an Act 
of Congress to complete. The extensive 
recent refi, which increased the length of the 
craft by 10 metres, has added a range of fea- 
tures to the. craft including a specially 
designed Sea Beam 9,000/SIO multi-beam. 
echo-sounder, which can map a strip of 
seafloor 15 to 22km wide. A beam width of 
90° is used for depths up to 11km, and a 
beam width of 120° for depths up to 45km_ 


Beneath the Antarctic Ice 


An extensive amount of research work is 
undertaken by divers in order to locate and 
collect specific samples of plants or minerals 
and species of plants and sea creatures. 
Diving always has its risks though there is 
little doubt that it is diving under the Ant- 
arctic ice which is the most hazardous. One 
of the most experienced divers in the Scripps 
team is Jim Stewart who undertakes regular 
training courses in diving techniques and 
safety procedures at the McMurdo Station 
on Ross Island — some 750 miles from the 
South Pole. 

The chief danger for divers in the antarc- 
tic is the severe cold. Water temperatures can 
fall to as low as -2°C. The rugged fabric cov- 
ered neoprene diving suit is worn over a set 
of full body thermal undergarments. Heat 
loss through the head is minimised by a tight 
fitting neoprene hood, and to protect the 
hands nwo pairs of insulating gloves are wom. 

The extreme cold can cause pressure 
regulators to freeze up — giving rise to a fault 
known as free flow where higher than nor- 
mal demand air flow occurs, and which 
increases the chances of the diver running 
out of air. Divers carry two independent 


Doppler shift of 
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Figure 2. Function of Acoustic Doppler Current Profiler: Relative motion of plankton in the 
ultrasound beam changes frequency of signal and allows current velocity to be measured 
with considerable accuracy at various depths. Reproduced by courtesy of Scripps Institution 
of Oceanography University of California. San Diego. 
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Chart showing average numbers of Whale, Dolphin & Porpoise (Cetacean) sightings per day, 1994. 


Figure 3. Catacean Sightings. © lan Birks. Reproduced by courtesy of Ian Birks. 


Scuba regulators, so that in the event of one 
freezing up the diver can switch to the auxil- 
jary regulator. 

The use of such a dry suit combination 
allows the diver to wear useful layers of 
insulation. Ifa tight fitting wet suit was used. 
exposure to high sub-zero winds above 
ground could lead to rapid hypothermia. 

One of the most amazing features of the 
Antarctic Waters is the degree of clarity of the 
water This is affected significantly by the level 
of plankton in the water. In high summer 
with 24 hours of daylight and under thin ice, 
plankton will suddenly blossom and visibil- 
ity will fall to between 30 and 40 feet — 
increasing the chance of a diver becoming 
lost under the ice. 

However, when the sun is low on the hori- 
zon and divers are working under five to 
seven feet of ice so that there is litle plank- 
ton present, lights hung from the dive holes 
can be visible for as far as 1,000 feet: the water 
is almost as transparent as air 

In the words of Jim Stewart “If you were to 
freeze the top five feet of the Grand Canyon 
and cut a hole through the middle and then 
step through, that is how you would feel the 
first time you dived under the Antarctic ice.” 








Under the British Waves 
While all aspects of marine life from plank- 
ton upwands are of Rey importance. interest 
in Britain has always been keen in observing 
‘cetaceans’ which include Sperm whales, 
Minke whales, Pilot whales, Dolphins and 
Porpoises. The greatest diversity of such sea 
life exists in the waters of the north west of 
Scotland, The ‘Sail Gairloch’ sea survey pro- 
ject has been established from the Gairloch 
in Ross-Shire, Scotland. in association with 
Sea Watch Foundation. founded by the Head 
of Zoology at Oxford. Daily sailing can be 
chartered aboard the yacht ‘Starchild’s 
Dream’, a 10 metre ketch able to navigate 
the unpredictable waters of the Minch and 
beyond. Sailing boats have a natural advan- 
tage in being able to get closer to such large 
sea mammals without disturbing them. Packs 
of killer whales also roam in these waters and 
can even target Minke whales. Their more 
common prey, however. will be seals. 

Figure 3 shows the typical sighting activity 
over the 1994 summer season. The most 
commonly sighted species in any month is 
the porpoise, In previous seasons, sightings 
have been made ofa ‘Super Pod’ of Porpoise 
with at least 300 within a half mile radius of 





the yacht. Sightings of Sperm whales have 
taken place off the Isle of Rona, to the south 
west. Minke whales appear to be more com- 
mon during June and Dolphins and Killer 
whales during July. 

There is therefore both a good chance of 
Seeing. ‘something’, as well as coming into 
contact with a range of species, Minke whales 
which can be over 50 feet long, provide the 
most memorable experience. 

The skipper of ‘Starchild’s Dream’, Ian 
Birks, a professional Offshore Yacht-master, is 
convinced that wildlife of the sea has to be 
effectively observed as part of the process of 
conserving this precious resource. To see 
such creatures in their natural habitat 
increases awareness of the futility of hunting 
them in commercial whaling. Hopefully the 
publicity from such initiatives as the Sail 
Gairloch Sea survey project will lead to 
better appreciation of the value of such 
creatures in the diverse ecosystems of the 
world’s seas and oceans. 


Conclusion 


Just as life began in the ocean so too will it 
be the maintaining of life in the oceans which 
will lead to stability in ecosystems on land. 
Thus both large organisations and indi- 
viduals have a role to play in increasing 
awareness of the importance of stewardship 
of the oceans. and all that they contain. 


Points of Contact: 


Cindy Clark 

Scripps Communications Office 
Scripps Institution of Oceanography 
9500 Gilman Drive 

La Jolla. California, 

92093-0233 USA 

Tel: +1 619 5341294 


Sail Gairloch, 

Sea Survey Project, 
Strath Seafront, 
Gairloch, Ross-shire, 
IV21 2BT, Scoand. 
Tel: (01445) 712596 
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“There are more tervific projects and fea- 
tures heading your way in next month's 
super issue of Elecmonics ~ The Maplin 
Magazine, including: 


PROJECTS 

MICHRON Mk Ill CLOCK 
A Rugby MSF clock signal decoder thar 
translates the data received by the exist- 
ing Maplin Rugby Time Receiver kit 
(LP70M), ensbling a radio-controlled 
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clock of supreme accuracy to be built, | 


displaying both time and date simulta 
neously, and providing calculation of 
the number of days in the month, 
including leap years. 


COMPUTER INTERFACE 
BOARD 

A versatile interface for IBM-compat- 
ible PCs that simply connects to the 
printer port with full opto-isolation, 
so that damage to the computer is not 
possible. The interface is controlled 
using preprogrammed TurboPascal™ 
procedures on either MS-DOS™ or 
MS-Windows™, and provides 16 
optoisolated analogue and digital YO 
lines. 


SOUND-ACTIVATED 
FLASH TRIGGER 
Auromatically activates an (electronic) 
flash-gun on reception of 2 sharp, pierc- 
ing noise (2 ‘bang’!), ro allow for 
unusual photographs of, for instance, a 


bullet being shot through a light bulb, 
a balloon in mid-burst, or any other 
explosive images you wish to capture! 


WIRELESS ALARM 
SIREN UPGRADE 


This upgrade for the Fox Wireless 
alarm FSS7500 (XS57M) answers cus- 
tomer requests for a larger bell box with 
battery back-up and tamper protection, 
Preventing removal of the cover, com- 
plete unit from the wall, or cutting of 
the connecting cable, without setting 
off the siren. Also incorporates integral 
17-mimure time-out timer, and stmbe 


lamp. 
BOB’S MINI-CIRCUITS 


Five entertaining circuits for you to 
build. 


FEATURES 

S features include: ‘Compact 
Disc Interactive’, describing everything 
you wanted to know conceming the lat 








est developments of CD4, the interac 
tive audio, visual system that is mking 
the multi-media market by storm, with 
its wide-ranging, revolutionary applica- 
tions for consumer and industrial elec- 
tronics. ‘Sailing Ship to Satellite’ is the 
informative story by the LEE. of the 
conquest of the communications bar- 
Fier, of the North Adlantfc Ocean, 
chronicling the history of ship commu- 
nications systems. "Fuses’ gives the low~ 
down on the numerous types of fuses 
available, and explains how a selection 
is made for a specific purpose. 


All this, plus all your favourite 
regulars as well! 


Reserve a copy at your newsagents or 
take out a subscription NOW to avoid 
disappointment! 

ELECTRONICS - THE 
MAPLIN MAGAZINE 


BRITAIN'S BEST SELLING 
ELECTRONICS MAGAZINE. 
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Wind-Tunnel Moves to 
BRE 


A dispersion modelling wind-tunnel and 
two leading wind-tunnel experts have 
transferred to BRE's Cardington 
Laboratory from the former Warren 
Spring Laboratory. 

Dispersion of pollutants by prevailing 
winds must be considered when assess- 
Ing the polluting potential of industrial 
discharges. There are considerable 
practical and economic benefits to be 
gained by using wind tunnel modelling to 
provide reliable estimates of dispersion. 
It allows effective planning of plant 
design to reduce risk and of siting to min- 
imise pollution problems. It also enables 
an informed choles to be made between 
the use of discharge stacks or abate- 
ment plant for pollution control 

‘The wind-tunnel, one of only a few of 
this type worldwide, has a working sec- 
tion 22m long, 1.5m high and 4-3m wide 
The wind speed range is {rom 0-2 to 
10m par second with a typical operating 
speed of 1m per second. The tunnel 
should be operational by Spring 1995. 

Contact: Building Research Estab- 
lishment, Tel: (01923) 834040. 











Radio Maplin 

(On 18th March, 1995, the Preston shop 
will be breaking new ground for Maplin 
Electronics, by hosting an Amateur 
Radio Open Event Station, run by 
Central Lancashire Amateur Radio Club. 

This will involve communications 
‘across the globe using several Amateur 
Bands from within the shop, 

Pius, there will be a selection of equip- 
ment supplied by Waters & Stanton on 
show, including short-wave listening 
equipment. 

Anybody interested in Radio Elec- 
tronics, please come and visit us during 
the day and have a go) 

Contact: Alan Milburn, Tel: (01772) 
258484, or Peter Sinclair, Tel: (01772) 
312912, 








Cordless Mouse? 
Logitech has announced, what the com- 
pany calls, the industry's first budget 
cordless PC controller. Known as the 
Trackman Livel, the unit is a mouse-fike 
device that operates over a radio link 
with a range of around 30 feet. 

Contact: Logitech, Tel: (01344) 894 
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Government Warning: Mobile Phones May 
Seriously Damage Your Health! 


On 4th January 1995, the Department 
of Health issued a creular advising hos- 
pital managers to ban cellular phones 
from areas of their facilities containing 
sensitive equipment. following tests car- 
fied out by the department proving that 
electromagnetic fields generated by 
portable phones could, in certain cir- 
cumstances, interfere with medical 
‘equipment, with ‘potentially serious con- 
sequences for patients". 

Gases have occurred where a ven- 
tlator attached fo a patient suffered in- 
terference, and another patient's 
‘computer-controlied infusion drip system 
appeared to have been reset, following 
use of mobile phones nearby. 

Although the circular stops short of 
issuing a ban on cellular phones within 
hospitals, it recommends that mobile 
phone use should be deterred in areas 
such as intensive care units where prob- 
lems could occur, and that staff be 
advised of the possible risks involved 








Cellular phones may pose a risk even 
when not in use, as they regularly poll 
the network to advise the network of 
their location, so that incoming calls can 
be handled appropriately. 

lan Volans of Mercury One-2-One, 
one of the network operators which 
helped the department to draw up the 
guidelines, advises that “In our user's, 
guide, we say that the operation of any 
radio transmitiing equipment may inter- 
fere with inadequately shielded medical 
devices. It is better to be safe than 
sony, 

The circular notes that, while a 
National Health Service quality standard 
for new equipment sets limits of inter- 
ference susceptibility, existing equip- 
ment, which will remain in use for many 
years, is unlikely to meet this new stan- 
dard and may suffer interference from 
mobile phones used nearby. 

Contact: Department of Health, Tel: 
0171 210 5983. 








Young Engineers for Britain 1995 


The Engineering Council's “Young 
Engineers for Britain’ regional and 
national finals and the Young Engineers 
clubs’ regional and national awards, 
‘organised by the Standing Conference 
‘on Schools’ Science and Technology 
(SCSST), willbe joint events from 1995. 

"Young Engineers for Britain’ strength- 
ens links between education and indus- 
try, by encouraging engineering project 
work by students and young people 
undergoing training and each year 








attracts 1,000 entries from 11 to 19 year- 
‘olds competing for the title of ‘Young 
Engineer for Britain’. 

The SCSST's Young Engineers clubs 
are now operating in 500 schools, with a 
nationwide membership of 10,000 stu- 
dents. Its regional and national awards 
are judged on a wide range of criteria 
including quality of project work, ingenu- 
ity, design excellence and marketability. 

Contact: The Engineering Council, Tel: 
(0171) 240 7831. 








High Temperature 

~ Hall-Effect 

Anew generation of high-sensitivity lin- 
ear Hall-effect sensors from Allegro 
MicroSystems produces a voltage out- 
put that is proportional to the incident 
magnetic field. 

The A3506 and A3507 sensors are 
monolithic integrated circuits which each 
incorporates a quadratic Hall element, 
temperature-compensation circuitry, a 
signal ampitfier, and a ratiometric rail-to- 
rail output stage. 

The devices include on-chip process- 
ing cireuitry which provides an output 
‘signal at a level that minimises the need 
for extemal amplification, allowing direct, 
connection to analogue/digital con- 
verters or microprocessor inputs. 

Contact: Allegro, Tel: (01932) 253 355. 








Chip on Glass 

Citizen has developed a 4-7in, Dual 
Scan Colour STN (Super-Twisted- 
Nematic) Passive Matrix graphic LCD. 
Based on the company's ‘Chip-on- 
Glass’ technology, the new 4:7in. ver- 
sion Is suited to portable applications 
that require a small-sized LCD, but also 
the resolution benefits of a larger pane! 
such as Personal Diaital Assistants 
(PDA) devices and palmtop PCs. 

Contact: Citizen, Tet (01753) 584 111 

















BBC Radio 4 Produce 
First Dolby Surround 
Drama: ‘BOMBER’ 


On 18th February 1995, BBC Radio 4 
broadcasts its’ first Dolby Surround 
drama, entitled Bomber, this dramatisa- 
tion of the Len Deighton novel traces the 
story of a Lancaster raid over Germany 
during the Second World War, the pro- 
gramme being transmitted in four 
episodes during the same day, corre- 
sponding to the actual time that the oper- 
ation took place. Listeners with Dolby 
Surround audio systems will have the 
atmosphere further enriched by means 
ofthe muili-channel soundtrack. 

The Dolby system, generally associ- 
ated with pictures, is also sulted to radio; 
with BEC Radio 1 having already given 
such broadcasts, in productions in- 
cluding Batman: Knightlall and The 
Adventures of Superman. 

Other programme formats currently 
using Dolby Surround include video, 
television, CD and computer games, 
and these may be experienced ona 
Widening range of playback equipment, 
including a/v amplifiers, TV sets, midi 
systems, and other home entertainment 
systems, numbering over 15 million 
worldwide. 

Contact: Dolby Laboratories, Tel: 
(01793) 842100, BBC Radio 4, Roger 
Danes, Tel: (0171) 765 4759. 











SMC and AT&T in Wafer 
Fabrication Alliance 
Standard Microsystems Corporation 
(SMC) has entered into a co-operative 
water fabrication alliance with AT&T 
Microelectronics that provides additional 
submicron fab capacity to AT&T and 
Quarantees a portion of fab output to | 
SMC. | 

Following installation of the SMC-pur- 
chased equipment, which comprises 
steppers, etchers and metrology equip- 
‘ment, the line will be capable of produc- 
ing device geometries from 0-9ym to | 
0-45ym. The first production wafers from_| 
the line for SMC's use are expected by | 
the end of calendar year 1995. | 

Contact: AT&T Microelectronics, Tel: 
(01344) 865927. 











TI Announces US$100,000 Design Competition | 


Texas instruments (Tl) has launched the 
‘TL DSP Solutions Challenge’, a worid- 
wide contest for electrical engineering 
students with a prize of US$100,000 
to be shared by the winning team of 
‘Students. 

Open to students from countries 
around the world, the contest will award 
prizes for student design projects that 
develop new or innovative uses for 
Texas Instruments’ digital signal proces- | 
‘sor (DSP) line of integrated circuits and 
peripheral products. 

Digital signal processors (DSPs) are | 
high-speed, maths-intensive, program- | 
mable integrated circuits that are revolu- 
tionising electronics in the 90s much like 
the microprocessor revolutionised com- 
puters in the 80s. The DSP, which can 
add and multiply tens of millions of com- 
plex formulae per second, is 10 to 50. | 
times more powerful than other com- 
puter central processing units (CPUs). 


Digital signal processing is the tech- 
nology that will enable the electronics 
industry to develop radically new prod- 
ucts and systems in industries such as 
celular communications, computer stor- | 
age devices (hard disk drives), modems 
and personal computer (PC) muttimedka. 

The judges will look for designs that 
address complte digital signal process- 
ing solutions. A typical system might 
include components such as a digital 
‘Signal processor, analogue inpuYoutput 
devices, memory application-specitic 
system peripherals, glue logic and soft- 
ware to pull the whole design together. 

‘The deadline to submit a final project, 
which includes a detailed description 
diagram of the hardware or software 
design, is 31 December, 1995. Judging 
will be completed and the grand prize 
will be awarded in April 1996. 

Contact: Texas Instruments, Tel: + 33 
93.22 2427. 
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Ghost Busting 

Successful tests of a new technique 
to improve television picture quality 
to viewers affected by ghosting has 
been carried out by the independent 
Television Commission (ITC). 

‘Ata demonstration in Enfield, North 
London in November, the ITC showed 
experimental equipment 
added to an existing telev 
to reduce picture ‘ghosting’. The ITC 
hopes tests with a prototype could lead 
to the introduction of the ‘ghost-can- 
celler within three years. This could be 
in the form of special tolevision sets or 
‘add-on units which would greatly reduce 
the effects of ghosting, 

Ghosting on television reception can 
‘occur in built-up and hilly areas. Enfield 
is ideal for a demonstration of this type, 
aS particular problems with ghosting 
have been experienced in this area | 
since the erection of Canary Wharf 

‘The experimental system requires a 
Ghost Cancellation Reference (GCA) 
Signal to be inserted into the transmit- 
ted television signal. Existing televisions 





‘should not be affected by this, but spe- 
cial circuits need to be incorporated in 
the receiver to remove ghosting. The 
GCR signal has been included experi- 
mentally on selected ITV programmes in 
the South of England and S4C in Wales 
since January 1994, and has recently 
been tested on Channel 4 Trans- 
missions from Crystal Palace. 

‘The development work has led to the 
intemational standardisation of the GCT 
signal. Other European broadcasters 
are expected to begin testing the system 
soon and the ITC is working with the 
European Broadcasting Union on its 
‘evaluation. 

‘Subject to broadcasters agreeing to | 
transmit the signal permanently, the first | 
European consumer ghost cancellers 
could be introduced by Philips in 1996. 
An add-on unit is predicted to cost 
approximately £200 and in 1997 inte- 
grated television sets are expected to 
become available at an additional cost of | 
between 25 and 50% per set. 

Contact: Independent Television 
Commission, Tet: (0171) 255 2000. 


st 


Cyrix Announce 586 Plans | 
Cyrix has revealed details about its first 
M1 architecture product, a 586 micro- 
processor that is both superscalar and 
‘Supemipelined. The company says the 
chip is targeted to be the fastest x86 
CPU (central processor unit) for per- 
sonal computers. 

‘Superpipelining divides the pipeline | 
lnto seven stages, a design Cyrix claims 
provides for higher frequencies and bet- 
ter performance. Superscalar means the 
M1 architecture comprises two separate 
instruction pipelines, allowing the chip to 
execute two separate sets of instructions 
in paraliel 

The chip includes a 64-bit data bus 
and a single 64-bit enhanced x87-com- 
patible floating point pipeline. The on- 
chip floating point unit (FPU) uses a 
four-instruction queue and four indepen- 
Gent 64-bit write buffers. 

Contact: Cyrix, Tel: +214 994 6387. 
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Microsoft Target 
Computer Illiterate 
‘You might think everyone in the world 
‘except a hermit living in a cave knows 
the name Microsoft, but the software 
company has launched a US$100 mil- 
lion worldwide ad campaign that it says 
is aimed at increasing brand awareness. 
Mike Maples, Microsoft executive vice 
president, said the campaign is particu- 
larly almed at peopis who are not com 
puter literate. According to Maples; 





i 
think there's a large part of the popula- 
tion (at least two-thirds) that aren't com- 
puter literate, and those are the 
People who we're trying to lure into com- 





Puting and Microsoft products”. 
Contact: Microsoft, Tel: (01734) 
270 000. 





Micresoft 





WHERE DO YOU WANT TO GO TODAY?" 














Bookham Wins | 
Innovation Award 1994 
Bookham Technology, winner of this 
years NatWest/Sunday Times Innova- 
tion Award, has announced the devel- 
‘opment of optical circuit manufacturing 
technology, known as ASOC (Active 
Silicon integrated Optical Circuits), 

With the development of ASOC 
Bookham has optimised the production 
method of optical chips. The technology 
is based on the same processing tech- 
niques as those used in the manufacture 
of silicon electronic chips, but combined 
with silicon micromachining and inno- 
vative integrated optical designs, that 
Provide a low-cost solution. 

The advantage of ASOC not only 
refers to the cost of manufacture, but 
also to the simplification of the packag- | 
ing procedures which is considered to 
be one of the major bottlenecks in the 
opto-slectronics Industry at present. 
Using ASOC, the micromachined fea- 
tures of the chips are aligned to the opti- 
cal elements, allowing accurate 
alignment of fibres and lasers down to 
less than one micron, 

Contact: Bookham Technology, Tel: | 
(01235) 445 377. | 





DSP Chip to Add Speech 
to PCs 

OSP Group has announced a new fam- 
ily of application-specific digital signal 
processors (DSPs) for adding speech 
processing to personal computers and 
telephony products. The first two prod- 
ucts are a messaging co-processor, and 
‘simultaneous voice-over data technol- 
gy, both of which employ DSP's 
‘Truespeech compression technology. 

Trusspesch, daveloped by DSP 
Group, is a speech compression tech- 
nology which enables speech to be used 
in personal computers and telephony 
without requiring large computer mem- 
ory or telephone line bandwidth. 

In July last year, Microsoft announced 
that it would include Truespeech in 
the Windows 95 operating system, 
According to DSP, this move is expected 
to make Trusspeech widely available in 
IBM PC-compatible computers. In addi- 
tion, DSP says Truespeech has been 
endorsed by a number of.major semi- 
‘Conductor manufacturers, inclixcing intel, 
Motorola, AT&T, Texas Instruments, and 
Analog Devices. 

Contact: DSP Group, Tel: +408 986 
4475; e-mail: brindfleisch @dspg.com. 





$< 
National Lottery Numbers Program 


New from COSMI UK is Justiatto, a low- 
cost Windows program for PC users, 
that aims to predict the winning National 
Lottery numbers. The program is based 
Gn the mathematical iterative ‘Link 
Number theory, and analyses previous 
weeks’ winning combinations to detect 
number pattems, improving accuracy of 
predictions with each week played. 

The programmer has studied resutts of | 
Lotteries from around the world, reveal- 
ing that playing every week with a ran- | 


| 
| 


domiy-marked ticket only produced 2 or 
3 small wins a year — not even breaking 
even! Justlotto has been developed 
specifically for the UK National Lottery, 
and aims to increase this low return. 

Justiotto is available in selected 
branches of WH Smith, Woolworths, 
Tesco, Beatties, Comet, Byte, Staples 
and MVC (Music Video Club), retailing at 
£19.99. 

Contact: COSMI UK, Tel: (01923) 
284930, 


CE 


Low-Power MPEG Decoder 
To facilitate the rapid growth of digital 
audio in applications such as digital 
radio, video disk, digital video broadcast 
CD-I and mutimedia computing, Philips 
‘Semiconductors has introduced a high- 
performance decoder for MPEG-1 data- 
compressed audio signais. | 

Incorporating master and stave MPEG 
data inputs, automatic sample frequency 
and bitrate detection, full MPEG-1 layer 
1 and 2 decoding, advanced error pro- 
tection and audio post processing, the 





SAA2500 Audio Soures Decoder offers 
the highest level of functional integration 
currently available in a MPEG decoder. 

Packaged in a 10mm square 44-pin, 
quad fiat pack and drawing only 26mA 
from @ 5V supply, it also provides a com- 
bination of small size and low power 
consumption which is unique in this mar- 
ket, making it ideal for use in battery- 
Powered portable equipment. 

Contact: Philips Semiconductor, Tel: 
+31 40 724 825, 
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INTRODUCING THE 























TEM! 


IDEAL FOR 

* Detecting output from transmitters 
* Tracking cables and locating faults 
+ Detecting emissions from TV sets 
EI Draraollncesirsltom icon mee yn oluiag 


monitor screens 


* Testing for radiation leakage 
on microwave ovens 


* Testing fuses (out of circuit) 
* Passive no contact testing 
* Testing lamps or bulls 


KEEP ONE IN THE CAR, 
YOUR TOOLBOX OR INDOORS, 
NEAR THE FUSEBOX. 


First Choice for: * Electricians 


* Electronics enthusiasts * Electrical engineers 
* Mechanics * Hobbyists * DIY’ers * Householders * Motorists 


There are so many uses for the Terminator 10 Electronic Multi-test 
Screwdriver, and it can be used in so many applications instead 

of a sophisticated test meter. How often have you wished to test 

a fuse or bulb, but not had your test meter to hand? This no longer 
need be the case! You will find this ingenious Electronic Multi-test 
Screwdriver so useful, you will wonder how you managed without it. 
Use the Terminator 10 Electronic Multi-test Screwdriver for the 
following: 

Fuse and bulb tester, self powered continuity tester, short circuit 
tester, cable break detector, TV screen or computer monitor static 
tester and microwave oven leakage detector and much, much 
It's so easy to use . . . Touch both ends of the Terminator 10 to self 
check. Then to test the continuity of, for example, a fuse, take the 
fuse out of the appliance or plug, touch the cap of the screwdriver 
with a finger of one hand and hold one end of the fuse with your 


INATOR 40 


Subscribers’ special introductory offer price £5.49, for ordering information see separate leaflet included in this issue. 





other hand, then touch the free end of the fuse with the blade of 
the screwdriver. If the fuse is OK, the red LED inside the screwdriver 
Will illuminate. 

The Terminator 10 Electronic Multi-test Screwdriver is supplied 
complete with two AG3 type button cells, Battery life is 
approximately 5 hours of continuous use. Also supplied 

is a 13A fuse for testing. 


Dimensions 136 20mm (including handy pocket clip). 
Order Code 50562 
(Terminator 10 Electronic Multi-test Screwdriver) 


Waming: the unit is only suitable for use as a continuity screwdriver and 
is not suitable for direct connection to AC mains supply. Never use this 
screwdriver to work on live apparatus. 


Electrical faults are a common cause of accidents, fires and personal 


injury. Faulty appliances should be properly repaired of disposed of 
safely. When in doubt, always contact a qualified electrician. 








If the offer leaflet is missing call Customer Services on (01702) 552911 and have your Subscriber’s Customer Number handy. 
Please note this offer is only available to current subscribers to Electronics — The Maplin Magazine. Offer ends 28th February 


1995 and is not eligible for further discount. 


Note: If ordering by mail order, normal handling charges apply. This product is not shown in the 1995 Maplin Catalogue. Subject to availability. 
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This neat and compact 
amplifier module contains 
two TDA1514A, high 
quality power amplifier 
ICs which are compatible 
with a wide range of the 
source material, including 
compact disc. 


Text by Alan Williamson 
and Mike Holmes 


uv 


FEATURES | = 


@ 2x 50W into 40, 2x 40w 
into 8Q 


® 100W into 8Q (Bridged 
Mode) ; 





® Overload and short circuit 
protection 


® Selectable input level 
® Thermal protection 
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ready-built Gold Line version of 
this amplifier is available which 
is knawn as the AMP100; 
Stock Code VF46A_ 


Circuit Description 


A block diagram of the unit is shown in 
Figure 1, and the circuit diagram in 
Figure 2. The circuit could not be 
simpler, each channel contains a 
monolithic operational power amplifier 
IC and a hand full of passive 
components. 

Protection of the circuit is provided 
by the fuses F1 & F2 in the supply 
lines, In the event of wrong polarity 
connections, the diodes D1 & D2 will 
conduct and blow the relevant fuse; 
this method of polarity protection is 
preferred to a series connected diode 
(because there is no voltage drop); 
this is an important criterion, as an 
efficient PSU means that more eneray 
is delivered to the speaker without 
waste. The capacitors C16 & C17 
increase the PSU common mode 
rejection, while capacitors C8 to 11 
increase the differential rejection. 

The TDA1514A is supplied in a 9-pin 
SIL plastic package (SOT131A). The IC 
features protection against AC and 
DC short circuits when used with 
symmetrical supplies. The IC also 
includes an output mute circuit 
preventing clicks and bangs during 
switch on and switch off, eliminating 
the possibility of damage to delicate 
tweeters. The amplifier is also 
protected against thermal runaway 
and includes SOAR (Safe Operating 
Area Region) protection making the 
device almost indestructible. 

The left and right channels are 
identical, therefore only the right 
channel will be described. 

The input impedance of the amplifier 
module determined by A1; the 
capacitor C6 AC couples the signal 
to the amplifier as well as determining 
the low-frequency cut-off point; the 
capacitor C1 limits the upper 
bandwidth of the amplifier. 

Different sensitivities for the 
amplifier can be selected by fitting a 
wire link, or optional switch; the gain 
being determined by the total 
impedance of the feedback resistors) 
R7 // RS. // R11 divided by the value of 
A plus 1. 

The resistor R18 is used to provide 
a minimum load for the amplifier should 
the speaker become disconnected. 

The resistor R13 and capacitor C4 
form a ‘zobel network’ which is a low- 
pass filter and has a two-fold function, 
the first is when driving the amplifier 
at or near full power into a speaker, 
the inductance of the voice coil may 
generate a high voltage on the fall of 
the signal, which could damage the 
output stage of the amplifier; the 
zobe! network helps to cancel the 
reactive element of the speaker, so 
the amplifier is presented with a 
resistive load. The second function of 
the zobel is in the unlikely event of the 
amplifier having RF on the output, the 
Zobel will filter out the high-frequency 
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RMS output power: 

RMS mono-bridged power: 
Total music output: 
Harmonic distortion: 
Signal-to-noise ratio: 
Stereo channel separation: 
Damping factor (at 100Hz): 
Input impedance: 

Input sensitivity: 


Thermal shut-down protection: 
Supply voltage: 


Consumption 2x8Q: 
Dimensions: 


fim 





Short-circuit and overload protection: 


Consumption 2x4Q or bridged mono 8Q: 


2x50W/A0; 2x 40W/8Q 
100W/8Q. 

-200W 
0:01% at 1kHz 
102dB (A-weighted) 
85dB 
> 1000 nominal 


22kQ 

330mvV, 550mV or 
1V selectable 

10 minutes maximum 
1 hour maximum 
+28V DC maximum 
4A maximum 

2-5A maximum 
210x 84x 64mm 


Includes speaker ‘pop’ suppression at switch on and switch off, and 
protection against wrong polarisation by means of fuses. 


Output 
Zobel 
Network 








Sensitive 
Select 
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1 
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Mute 
Circuit 


PSU Protection 


Indicators 
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7] Fitter 





Output 
Zobel 
Network 








Figure 1. Block diagram. 
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Figure 2. Circuit diagram. 


preventing ‘burn out’ of delicate drive 
units. 

The LEDs LD1 & LD2 are the supply 
rail indicators, the resistors R16 & 
R17 limit the current thraugh'the 
LEDs. 





Bridged Mono Operation 
The switch SWe selects between 
stereo and bridged mono use; in 
bridged mono, the non-inverting input 
to the left-channel amplifier is 
connected to OV; the voltage at the 
inverting input of the right-channel 
amplifier is applied to the inverting 
input of the left-channel amplifier via 

a RS, C14, C15 & R4; the output signal 
Correct positioning of the PCB and Power Amp ICs is vital. Of the left-channel is 180° out of 
phase to the right-channel output; 
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this arrangement will double the 
output VOLTAGE swing to the load, 
which will then be connected between 
left and right +LS outputs (Speaker + 
to the right-channel to maintain 
absolute phase). 


Additional Construction 
More complete instructions are 
provided in the leaflet supplied with 
the kit, but the general recommended 
sequence follows. Begin by fitting wire 
links marked J”. Links are used to set 


Figure 3, Setting 
the correct height 
for the LEDs. 


Figure 4. Sequence for 
fitting the amplifier ICs 
to the PCB: 

fa) solder leads into 
PCB at maximum height; 
(b) first bend near 
middle of pins; 

(c) final fold for IC to 
reach heatsink 6mm 
below track side of PCB. 


Max. 
lead 
length 
PCB 


3 Bolt 


Holder 
M3 Nut 


Lock washer 














Insulator 





Figure 5b, How the amplifier ICs are clamped to the 
heatsink. 
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the input sensitivity of the amplifiers; 
fit a wire link in JH for a sensitivity of 
AN, or JM for & sensitivity of 550mv, 
or leave both link options ‘open’ for a 
sensitivity of 330mV. An optional three 
Position switch (FHOSF) may also be 
mounted in place of the JM & JH links. 

To configure the unit for dual-channel 
stereo or bridged mono, install the JS 
Wire link for stereo operation, or the 
(JB link for bridged mono operation, 
Alternatively, an optional switch 
(FHO4E) could be fitted instead, but 
you should know that for bridged 


ee 
operation the left-channel input is 
shorted to ground — gfe ee 














shouldn't change modes while 
‘switched on! if you hard-wire the 
phono input you won't be able. touse 
the left channel in stereo. 

Fit the resistors, starting with the 
smallest first, then the diodes, 
ensuring correct orientation. Fit the 
Capacitors, observing carrect polarity 
for the electrolytics, followed by the 
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Figure 5a. Locating the PCB and ICs on the heatsink. 





fuse sockets and fuses. The blade 
‘connectors can be installed next. 
‘These are the standard automotive 
jain. size for normal car type 
connectors. 

Fit both phono connectors for 
stereo operation, or the right-channel 
connector only, and fit a link marked 
JC in place of the left phono 
connector, for bridged mono operation. 
If switches are used instead of the 
finks, both connectors can be fitted, 
but that the left-channel phono 
Connector must be shorted out when 
used in bridged mono mode. Lastly, fit 
LEDs observing correct orientation 
and height, see Figure 3: 

Thoroughly check your work for 
misplaced components, solder 
whiskers bridges and dry joints. 


Fitting the Power 
Amplifier ICs 


Mount both ICs onto the PCB at 
Maximum height, with the metal 
mounting face towards the edge of 
the board; see Figure 4a. The leads 
should protrude no more than 1mm on 
the track side. Next, bend the ICs as 
shown in Figures 4b & 4c (this 
method differs from the kit leaflet 
instructions — follow these instructions). 

Slide the PCB into the side channels 
of the heatsink and position as shown 
in Figure 5a. Apply a small amount of 
thermal paste to both sides of the mica 
washers, then fit underneath the ICs. 

Slide the M3 hexagon headed bolt 
down the centre channel of the 
heatsink (between the ICs) and fix the 
amplifier ICs in place with the 


RIGHT 





The complete amplifier ready for use. 


mounting bracket, lock washer and 
nut. Double-check that the PCB is still 
in the correct position; the edge of 
the PCB should be 25mm fram the 
edge of the heatsink; refer to Figure 
‘Sa. Check that the amplifier ICs leads 
are NOT in contact with the fixing 
bracket or heatsink. 


PSU Requirements 
Suitable PSUs for the kit or the Gold 
Line versions of this amplifier are the 
Gold Line APS100 (VF50B); or the 
Gold Line APS200 which will require a 
transformer, Stock Code DH71N. 


Testing 

Connect a symmetrical output PSU 
(£28V DC maximum) to the module, 
see Figure 6a for connections. The 
Gold Line APS100 or the APS200 
plus a DH71N transformer would be 


STEREO: 2 x SOW RMS 





LEFT RIGHT 
+15 INPUT INPUT 


POWER 
SUPPLY 


APS200 














BRIDGE: 100W RMS 





MIN. 8 Ohm 


Ni 





POWER 


SUPPLY 











shorted plug or wire fink 


Figure 6b. Wiring diagram for bridged/mono option. Note that the left- channel input 
must be shorted to ground either by a shorted phono plug or the socket replaced by 
a wire link on the board, 











ideal. IMPORTANT: Never switch on 
the supply before connecting to the 
amplifier. 

On switching on the power supply, 
both LEDs on the amplifier should 
illuminate, indicating that both supply 
rails are established. 

Check the DC offset at the output 
of the speaker terminals, which should 
be less than +1V (see Figure Ga for 
connections), Switch off the power 
supply and disconnect the wiring to 
the amplifier 

Attach the stick-on label to the rear 
panel, and trim around all the holes 
using a sharp knife. Fit the front panel 
to the module and fix in place using 
the six M5 bolts, 


Usage and Connection 

If the intended use for the amplifiers) 
is varied, it may be desirable to fit 
switches (not supplied but available as 
Stock Codes FHO4E and FHOSF, see 
optional parts list) for sensitivity and 
Stereo/Bridged-Mono operation. This 
can be done easily as there are holes 
already cut in the front panel for this 
purpose. 

All PSU connections should be made 
using 1-Smm* (minimum) insulated 
wire. Terminate the wire using the 
spade connectors (not forgetting 
the insulating covers). 


Stereo Amplifier 


Again refer to Figure Ga for the 
connection of the power supply and 
the speakers; note the speaker 
polarity. Minimum speaker impedance 
is 40. 


Bridged Mono Amplifier 
Refer to Figure 6b for the connection 
of the power supply and speaker; again 
noting the speaker polarity. In this 
Configuration, the minimum speaker 
impedance is 8Q. 


IMPORTANT 


Always connect the input(s) and 
output(s) of the amplifier before 
switching on the power supply. 

if the amplifier is to be used as a 
free standing unit, it can be mounted 
in position by fitting M4 hexagon head 
bolts in the side channel of the 
heatsink. 
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MONO/STEREO AMPLIFIER PARTS LIST 


RESISTORS: All Ea (Unless specified) MISCELLANEOUS 

A1,2 LD1,.2 5mm Red LED 

R3,4 F1,2 5A 20mm Fuse 

A5,6 5mm PCB Lucar Blades 
A7,8 PCB Phono Sockets 
R910, PCB 

A11,12 Leaflet 

R13,14 Finned Heatsink, 

R15 Pressed Rear Panel 
Stick-on Label 


=oss5np NNN 


2 
2 
2 
2 
2 
2 
2 
1 
2 
2 





The Maplin ‘Get-you-Working’ Service is available for 
this project, see Constructors’ Guide or current 
Maplin Catalogue for details. 

The above items are available in kit form only. 
Order As VF39N (Mono/Stereo Amplifier Kit) 
Price £48.49c8 


C45 
C87 4uF 

8-13 uF PCB Electrolytic 
014-17 47uF 


) 


Sows 


Please Note: Some parts, which are specific to this 


SEMICONDUCTORS project (e.g., PCB), are not available separately. 


01,2 1N5404 
1c1,2 TDA15144 


D2MAC Decoders & Receivers 


Brand new Ferguson SRB1 units fitted with D2MAC card readers |, 


Discreet Internal card reader. Direct plug in software capability ( Works with all UK sourced D2MAC cards 
COUHF, Audio / Video and RGB outputs O Menu driven. On screen graphics () 6 Channel plug-in software : £14.95 


D2MAC RECEIVER £149.00 D2MAC DECODER £149.00 
Connects directly to your Satellite Dish Connects directly to your Satellite receiver 
or : build your own.... Ex equipment Ferguson SRB1 Receiver : £14.95 Upgrade kit : £119.00 

eat ecnpine apes 


0642 468145 KN REMEMBER : We stock all’ major brands 
| R AC (OY 0642 452555 
FAX 0642 440927 [EE] Ee myo ee a 


of satellite equipment, and try wherever 
Commerce Way Skippers Lane Middlesbrough Cleveland TS6-6UR 








nn 
















possible not to be undersold. So before 

























‘A comprehensive index to Electronics — The Maplin Magazine is now available 
from Maplin. The index covers every issue from December 1981 to October 1994. 
Included are details of every article, series and project published during that period. 
Conveniently arrenged, sectionally and alphabetically, itl take minutes instead of 
hours to find the exact issue number and page you need. You'll be able to 
rediscover a wealth of information you never knew you hadi A list of all the 
Corrigenda published is also included, so you will be able to find details of 
changes or amendments. You'll find the index an invaluable adciition to the 
issues of Electronics that you have. If your collection is incomplete, many 



























the Order Coupon is 
the Credit Card Hotline, Tel: (01702) 554161, Order As XU87U. 
You'll wonder how you ever managed without it! 


DID YOU MISS US ? 


Ifyou've ever wanted to lay your hands on an elusive issue of Electronics — 
The Maplin Magazine, then we can help! Many editions are still available, 
as back issues. Where issues are out of print, details of projects that are 
stil current can be found in Maplin Projects Books and Best of Maplin 
Projects Books. Copies of back issues (subject to availability) can be 
obtained from Maplin Stores countrywide; by Mail Order, using the 
Order Coupon in this issue, or by calling the Credit Card Hotiine, Tel: 
(01702) 554161. if you are not sure which issue or Projects Book you 
fefer to the Magazine Index (XUB7U) or call Customer Services, 
Tel: (01702) 55291 1. Photocopies of out of print feature articles are 
available; a charge will be made, dependent on the length of the 
atticle to be copied — call Customer Services for details. 


NO HANDLING CHARGES ! 
Ifyou are only ordering a copy of Electronics — 

The Maplin Magazine Index or back issues of the magazine, 
the nomnal £1.50 Mail Order handling charge does not apply! 








In Figure ||, 'X’ represents a 
device having three terminals but 
the discussion that follows also 
includes the case of a device that 
has only two. 

The quiescent, d.c. or bias 


values of I and V are Ig and Vo | 


respectively, so the power 


dissipation, Po in Xis given by their | 


product. 

Po=loVo ” 

But, by Ohm's Law: 
Vec— Vi 

Ig= aa Q 


Substituting this value of Ig in 
(7) we obtain, 


8) 


R=Vox SY) 


If we choose Vo at something 
less than Vec, say mVec, 
where m is a fraction lying 
between 0 and +1, (9) can be 
modified to (10). 

a Voc? 
Py=mi(l—m) x Cs) (10) 
We can also show that the power, 
Pp dissipated in R and the power, 
Ps supplied by Voc are given by: 


Pa=[(Ye,) — LIP (a) 
and Ps =P2 (12) 


From (10) we can see that the 
dissipation in X does not exceed 
the rating Pp if: 

Vec* 
Po2im(1_—m) «(%) (13) 
Alternatively, if X is not to exceed 
astipulated Pp we must choose R 
So that: 

Vo 

R2m(1 -myx(“) (14) 
This last relationship is the basis for 
the construction of a set of 
resistor-limit curves considered 
next. 


Resistor-Limit 
Curves 
Take the case for which the 


equality sign in (14) applies. Then 
a plot of R against m for a pair of 


Figure 1. °X' is an arbitrary 
three-terminal device. 
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a given load. 





In Part | of this two-part article we explored the way that 
the power rating of a semiconductor was specified on a data 


choose the rating of a device so that it is capable of driving 


The origin of a set of universal ‘resistor-limit’ curves used 
in this procedure is discussed, briefly, and their application 
to the following three frequen 
studied: Zener-diode shunt stabiliser; Class 
emitter amplifier; Class B audio-frequency power amplifier. 


encountered circuits 
A common- 











(see Figure 12), that has its vertex 
| atm=05, R=Voc/4Pp. 
Because of the symmetrical 
nature of the curve, it is only 
necessary to plot the section for 
m=0 tom=0°5. 
For m=0-5 tom=! wecanuse 








values of Voc and Pp is a parabola‘ | 


the same horizontal scale ‘folded- 
back’, as shown in Figure 13. By 
doing this we obtain an expanded 
m-scale and easier plotting for a 
given size of graph paper. To satisfy 
the condition imposed in (14) we 
must operate either on the curve 
or in the shaded region above it. 


0: 1 


——_» m(=V/Vec) 
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Ofcourse, Figure 14s for just one 


| pair of values of Voc and Pp. In 
| general, we are more interested in 
| aset of curves (Figure 14), showing 


Rvs m fora given Vee and various 
fixed values of Pp. Figure 15 is one 
such family, plotted to scale, for 
Vec=15V and power levels not 
exceeding IW. To avoid a display 
that is too cluttered, the chosen 
values of Pp correspond only to 
those of practical low-power 
devices. 
A value of R for a value of Pp 
lying between the curves can be 
estimated by interpolation. The 
formula to use for this is given 
in (15). It follows from (10) for 
constant values of m and 
Vee. 
RPp=constant (15) 
The choice Vec=15V is 
made because it is an 
industry standard for 
analogue circuit design. For 
operation at other values of 
Voc we can still use Figure 15 
but must use also an appropriate 
R-multiplier, given in Table |. 





DC Power and 
AC Power 





Up to this point in the discussion, 
we have considered only d.c. 
power dissipation in X. Before we 
use Figure 15 on some practical 
examples, we must investigate the 
effect of a.c. power dissipation. 
Suppose an audio-frequency 
input signal causes a sinusoidal 
current of peak value Ip to be 
superimposed on the bias level Ip. 
Then the total terminal current, i, 
is shown in Figure 16(a) and the 
resulting total terminal voltage, v, 
in Figure |6(b), in which Ve=IpR. 


0.5 
—}| 0.53ms0 


—=— 13m>0.5 


Figure 13. A satisfactory value 
of R falls in the shaded area 
above the 
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The mean signal power, Po, 
developed in R is the ac. power 
averaged over a whole number of 
cycles. Since we have sinusoidal 
Po=IpVe/2=Vp2/2R (16) 
Now the mean voltage across R in 
the presence of the signal is Vand 
the mean current supplied by Vec 
is Ip. These are the same as the 
values of no a.c. input signal. 
Hence, the mean power supplied 
by Voc is unchanged at Po=IoVo. 
From the Law of Conservation of 
Energy, it follows that the mean 
power P; dissipated in X is given 
by: 
Ps=Po—Po (17) 
The total power, P;, dissipated in R 
is the sum of the dic. power and 
ac. power. 
P.=Pr+Po (18) 
Equation (17) tells us that the 
power dissipation in X is a 
maximum at the quiescent value 
Pg when the sinusoidal signal is 
absent. Thus if we use Figure 15 to 
ensure that Po does not exceed 
the device rating Pp under 
quiescent conditions then X 
cannot over-dissipate when a signal 
is present. (It is assumed that 
Ip<Io, So X always conducts.) 

This conclusion also holds for 
non-sinusoidal variations provided 
they are ‘area-balanced’, e.g., a 
square waveform or a symmetrical 
triangular waveform. (Note, 
though, that (16) requires 
modification for non-sinusoidal 





signals.) We now consider the | 


application of Figure 15 to two 
design examples. 


Design Example | 


Figure 17 shows a simple Zener 
diode shunt stabiliser supplying a 
load current I;. The abbreviated 
specification for Dz is: 


Vz=5-1V at Ig=5mA; rz (slope 
resistance) negligible. 


p=0-SW at T,=25°C; Tin= 
175°C 


Problem: Select values for R from 
the E24 resistor range, which 
guarantee that Dz will not over- 
dissi (even if the load current 
I_=0), for T,=25°C and T= 
50°C. 

Solution (a): By definition, 
m=(V2/Vec)=(5-1/15)=034. 

The intersection of the line 
m=0-34 and the curve P=0:5W 
gives R=100Q. For R21009, 
when tolerances are allowed for, 
we choose R= 1202 + 5%, IW. 

Solution (b): Using the method 
of Part |, we find that Pp=416mW 
for T,=50°C. In this case we need 
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Figure 14. A family of limit curves. 


Figur 16, (0) the ietantaneous 
terminal current, when a 
sinusoidal signal is present. 


Figure 16. (b) vis the 
instantaneous terminal 


to interpolate on Figure 15 and the 
resistor value found for solution 
(@). To do this we make use of (15) 
and the resistor value found for 
solution (a). 

Thus 


RQ) x 0-416=100 x05 (19) 





A practical Zener diode has a 
finite Rz and a tolerance on the 
value of breakdown voltage. The 
inclusion of these affects the detail 
but not the procedure for the 
calculations. 


Design Example 2 


Figure 18 shows a basic Class A 
audio amplifier stage in which, for 
simplicity, base and emitter bias 
components are omitted. 

Problem: Calculate the mini- 
mum acceptable value of Re in 
the E24 range, if the ZTX310 is 
Not to over-dissipate at T,=50°C 
(ZTX data is: Pp=300mW at 
Tr=25°C, Trx= 125°C). 

Solution: Using the method of 
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Figure 17. Shunt stabiliser for 
Design Example I. 


Figure 18. Class A audio amplifier 
stage for Design Example 2. 


Part |, we find that Pp=0-225W at 
T,=50°C. The value of m is not 
set in this circuit, as it was in Design 
Example |. A safe design must 
therefore assume the existence of 
the worst-case condition m=0'5, 
which maximises R. 

In Figure 15 on the curve for 
Pp=0-25W at m=055, the resistor 
value is 2250. Using (15) to find 
Re for Pp=0-225W, we obtain 
Rc=2502. However, this is for 
Voec=15V. Referring to Table I, the 
Remultiplier for Vo-=10V is 0-44. 
Hence, Rc = 1119. The power 
rating for R with m=0°5 is, from 





Py =0.125W 


Py =0.25W, 





Figure 19. Amplifier stage with 
emitter bias resistor. 





(11), 0:225W. However, if the base 
current of the transistor causes the 
potential difference across Rc to 
be almost equal to Voc the power 
rating of Re is four times greater 
than for m=0-5. Hence the 
required choice is R-=120Q + 
5%, |W. If an emitter bias resistor 
Re is present, as in Figure 19, the 
transistor does not over-dissipate 
provided (Re+Rc) 21110. 


Class B 
Amplification 
Application 


Figure 20 is the circuit of a Class B 
amplifier stage supplying audio- 
frequency signal power to a load 
represented by a resistor, Ri- The 
operational amplifier A, connected 
in the inverting configuration, 
drives a complementary emitter~ 
follower power output stage via a 
bias/driver network, details of 
which are omitted because they 
are not relevant in the present 
discussion. The conduction state 
of the output transistors Qu, Qp is 
shown in Table 2. 


7 











Overall feedback, provided by 
resistors Rx, Ry minimises the 
crossover distortion that results 
when the polarity of the output, 
Vo changes. The low-frequency 
Voltage gain, G, is given by: 
G=(Vo/Vi}=—(Ry/Rx) (20) 
If Vo is a sinewave of amplitude Vp 
and average value zero, the mean’ 
power dissipation, P,, in either Qy: 
or Qp can be shown to be: 
|-n 
=(4)n? 
Pi=(4/r2)n x( = ) i) 
By definition: 
_1Vp 
WY aVec 
From (21), it follows that neither 
transistor exceeds a specified 


(22) 


power rating Pp if we choose Ry 
so that: 

\-n 
Rize nx(2) aa) 


This relationship is similar in form 
to (14), if we substitute m for n 





and take account of the scale factor 
(4/m°), which is approximately 0-4. 
Thus the curves of Figure 15, 


| involving the mean a.c. signal 


power developed in the output 
transistors of a Class B audio 
power amplifier. Table | still applies 
for Voc not equal to 15V but (11) 
and (12) are no longer valid. 

The output power, Po, 
dissipated in Rx can be calculated 
from (16). Po increases with n and 
reaches a maximum for n=(z/4) 
corresponding to Vp=Vee. 
However, the maximum 
dissipation in Qx (or Qe) occurs 
when n=0°5. In power calculations 
we first calculate n. If n<0-5 we 
use n=055 in graphical work. This 
procedure is clarified in the 
following design example. 


Design Example 3 


Problem: For the circuit of Figure 
20, Po=0:25W for Qx. Qp and vo 
is a sinusoidal waveform with a 
mean value of zero. Find the 
minimum acceptable values of Ri. 
if Vo lies anywhere in the range (a) 
OV to 5V and (b) OV to 10V. 
Solution (a): Using (22), the 


maximum value of nis 0:26 (ie. x | 





x 5/4 x 15). Since this is less than 
0:5, we use n=0-26. 

On Figure 15, for m (=n)= 
0-26 and Pp=0-25W, we find 
Ri =175Q. Applying the correc- 


result R>70-90. Using (16), 
Po=0-176W for Vp=5V. A 
satisfactory rating for R;. is thus 
| 0:25W. 

Solution (b); From (22), the 
maximum value of nis 0:52. As this 
exceeds n=0'5, we use n=0'5. 

On Figure 15, for m (=n)=0'5 
and Ph=0-25W we find Ri=225Q., 
With the scale factor included, this 
gives Ri 291-2. Using (16), 
Po=0'548W for Vp=10V. An 
appropriate rating for Ri is 0-6W, 
or IW. 

Comment: An alternative, but 








tion factor (4/n?), we obtain the ~ 





| | Figure 20. Class B audio power amplifier stage for Design Example 3. 





related problem might be as 
follows. What power rating is 
required for Qu, Qp if RL=25Q 
and Vp lies anywhere in the range 
OV to 15V? In this case we multiply 
the given Ri. by (12/4) to obtain 
61-7Q. Locating the point 
Ri =61-70, m=0'5 on Figure 15 
we find it lies just above the curve 
for Pp=1W. Hence the required 
rating is |W. 





Conclusions 


The three design examples that 
have been studied illustrate the 
usefulness of the universal resistor- 
limit curves of Figure 15 in circuit 
aspects of the power management 
of semiconductor devices. 








TECHNICAL 
INFORMATION 
SERVICES 


SOUTH AFRICA 


Attention all our 
African Readers... 


Take out a 6 or 12 month 
Subscription to your favourite 
hobbyist magazine- 


and qualify for a 5% discount 
on all your orders placed 
with Maplin SA 
WRITE OR TELEPHONE 
FOR MORE DETAILS 


Maplin South Africa (Pty) Ltd. 
RO. Box 1846, Somerset West, 7129, RSA 
Telephone: (024) 515124 Fax:(024) 515127 


Electronics — The Maplin Magazine March 1995 


76 Church Street, Larkhall, Lanarks, MLO 1HE 
Tel: (0698) 883334 Fax: (0698) 884825 
Technical Help Line (0698) 888343 





We have the World’s Largest 


Selection of: 


SERVICE MANUALS 
CIRCUIT DIAGRAMS 


We also have 100s of Titles on TVs, 
VCRs, Satellites, Midi Systems, 
Computers, Test Equipment, etc... 
Please Phone or Send an SAE for FREE 
QUOTE & CATALOGUE of Publications 
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